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R^K grnunri of The Inve ntion 

The present inven.ion re,a,es .o nove, peptides and methods and means tor preparing 
mem and speci„ca,,y to novel achromycins ,na, are useM as antibacteria, and antiprctozoa, 
agents and other app.icattons anther, atheroscierosis gastnc mo«y reduction, etc > ,n 
m amma,s. ,nc,ud,n 9 man. as»e„ as ,n „sh and birds Th,s,nven„on a.so re,a,es,o pharmaceutic*, 
compositions contain, the nove, compounds and ,0 methods o, treatmg Pactena, and protozoal 
.nteCons ,n n-s. tish and b,rds Py adm,n,s,ering ,ne nove, compounds ,0 mamma,, tish and 

birds requiring such treatment. 

Po,yKe„de biosynthe,,c genes or portions o, them, which may Pe denved - ditteren, 
poiyKetide b,osyn,he.,c gene dusters are man,pu,a,ed ,o a„ow the production o, nove, 

erythromycins. 

P o,yKet,des areata and structure,,, diverse Cass o, nature, products ,ha„nc,udes many 
compounds possessing an,,b,o«c or other pha,maco,ogica, properties, such as achromycin. 
tetracyCnes. rapamycn. —n. poiyethe, .onophores. and FK506 ,n pah,cu,ar. p**-~ 
are abundant,, produced by Streptomyces and re,a,ad aCnomycete bacteria They are 
syn,nes,sed by me repeated stepv.se condensate o, acy,th,oes,ers in a manner anatogous to 
,ha, o. tatty acid biosynthesis The greater structure, divers* found among nature, po,yKe«es 
anses from the se,eot,on o, (usua„y, acetate o, propionate as "starter- or -extender- units: and from 
,ne dittering degree o, process of the fUeto group obsen,ed aher each condensation 
Exampies of processing steps inCude reduction ,0 .vhydroxyacy,, reduCon Mowed by 
dehydration ,0 2-enoyK and =omp,ete reduCon ,0 the saturated acy.hioester The 
s,ereocham,ca, outcome o, these processing steps ,s a,so speei.ied tor each cyc,e o, chain 
extension The biosyn.hesis o, bo,y>etides ,s in„,a,ad by a group o, chain-,orming enzymes 
Known as poiyXetide synthases Two ctasses o, po,yKe,ida synthase ,PKS, have been descnbed 
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.n actinomycetes. However, the novel po.yketides and processes wh,ch are the subject of th.s 
-nvent.on are synthesised by Type I PKSs. represented by the PKSs for the macrolides 
erythromycin, avermect.n and rapamydn (Figure 1). and consist of a different set or "module" of 
enzymes for each cycle of polyketide chain extension (Figure 2A, (Cortes. J. et al. Nature (1990, 
5 348.176-178: Donad.o. S. et al. Scrence (1991) 252.675-679: MacNe... D J etal. Gene(l992), 
1 15:1 19-125: Schwecke. T. etal. Proc. Natl. Acad. Sc. USA (1995) 92:7839-7843) Note: The 
term •'natural module" as used herein refers to the set of contiguous doma.ns. from a p. 
ketoacylsynthase ("KS") gene to the next acy, earner protein ("ACP ') gene, which accomplishes 
one cycle of po.yket.de chain extens.on The term -comb.nator.al module" , S used to refer to any 
- n group of contiguous domains (and doma.n parts), extending from a f.rst po-nt ,n a first natural 

module, to a second equ.va.ent point in a second natural module. The first and second po.nts w... 
generally be in coredoma.ns which are present ,n a., modu.es, i.e.. both at equivalent points of 
respective KS. AT (acy. transferase). ACP doma.ns. or ,n linker regions between doma.ns. 

Figure 2 shows the organisation of the erythromycin producing PKS. (also known as 6- 
■5 deoxyerythronC.de B synthase. DEBS) genes. Three open reading frames encode the DEBS 
polypeptides. The genes are organised in s.x repeated units designated modules. The first open 
reading frame encodes the first multi-enzyme or cassette (DEBS1) wh.ch consists of three 
modu.es the loading module (e^-load) and two extension modules (modules 1 and 2). The 
loading modu.e comprises an acy. transferase and an acyl earner prote.n. Th.s may be contrasted 
with Figure 1 of WQ93/13663 (referred to below) This shows OAF1 to consist of only two 
modu.es, the first of which is in fact both the loading module and the first extension modu.e. 

In-frame delet.cn of the DNA encoding part of the ketoreductase domain of modu.e 5 in 
DEBS has been shown to lead to the format.on of erythromycin analogues 5.6^ideoxy-3- 
-mycarosyt-S^xoerythronolide B. 5.6-d.deoxy-5^xoerythrono.ide B and 5.6<iideoxy-6.6 
25 -epoxy-S^xoerythronolide B (Donadio. S et al Sc.ence. (1991) 252:675-679) L.kewise. 

alteration of active s,te residues in the enoy.reductase doma.n of modu.e 4 in DEBS, by genetic 
engineering of the corresponding PKS^ncoding DNA and its introduction into 
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Saccharopolyspora erythraea. led to the product.cn of 6.7-anhydroerythromycin C (Donad.o S. et 
at. Proc. Natl. Acad. Sci. USA (1993) 90:71 19-7123) 

International Patent Appl.cation number WO 93/13663. which is incorporated herein by 
reference in its entirety, describes additional types of genetic manipulation of the DEBS genes 
that are capable of producing altered polyket.des However, many such attempts are reported to 
have been unproductive (Hutch.nson C R. and Fu,., I. Annu. Rev. Microbiol. (1995) 49:201-238. 
at p.231) The complete DNA sequence of the genes from Streptomyces hygroscopicus that 
encode the modular Type 1 PKS governing the biosynthesis of the macrocyclic 
,mmunosuppressant polyketide rapamycin has been disclosed (Schwecke. T et al. (1995) Proc. 
Natl. Acad Sci. USA 92:7839-7843) (F.gure 3). The DNA sequence is deposited in the 
EMBUGenbank Database under the accession number X86780 

Although large numbers of therapeutically important polyket.des have been identified, 
there remains a need to obta.n novel poiyket.des that have enhanced properties or possess 
completely novel bioactivity The complex polyket.des produced by modular Type I PKSs are 
particularly valuable, in that they include compounds with known utility as anthelmintics, 
insecticides, immunosuppressants antifungal, and/or antibacterial agents. Because of their 
structural complexity, such novel polyket.des are not readily obtainable by total chemical synthes.s. 
or by chem.ca. modifications of known po.yket.des. One aspect of the invention arises from our 
appreciation that a Type I PKS gene assembly encodes a loading module which is followed by 
extension modules. It is particularly useful to prov.de a hybrid PKS gene assembly in which the 
loading module is heterologous to the extens.cn modules and is such as to lead to a polyketide 
having an altered starter unit. This is a concept qu.te unknown to the .prior art s.nce this does not 
recognise the existence of loading modules W093/1 3663 refers to altering PKS genes by 
inactivating a single function (i.e. a s-ngle enzyme, or .-.fleeting "an entire module" by deletion, 
insertion, or replacement thereof. The load.rig a v m their terms, is not a module. 

if the loading module is one wh.ch access -Mnv different carboxylic acd un.ts. then the 
hybrid gene assembly can be used to produce n.vv Cerent po.yketides For example, a hybrid 
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gene assembly may emp.oy nucleic acid encoding an avr .oad.ng module wrih ery extender 
modules A loading moduie may accept unnatura , acj(j ^ ^ ^ ^ 

load,ng module is particulany useful in this regard (Dutton et a. . (1991) J. Antib,ot.. 44:357-365) 
in addition. « is possible to determ.ne the specificity of the natural load.ng module for unnatural 
5 starter units and to take advantage of the relaxed specificity of the loading module to generate 
nove. po.yketides. Thus, another aspect of this invention ,s the unexpected abi.ity of the ^ 
loading module to incorporate unnatural carboxyl.c acds and derivatives thereof to produce novel 
erythromycins ,n erythromyc.n-producing stra.ns containing only DEBS gene, Of course one may 
also make alterations within a product po.yket.de particularly by rep(acing an extensron modu(e fay 
' one that g.ves a ketide unit a, a different ox,dat,on state and/or w,th a d,fferen, stereochemistry „ 
has generally been assumed that the stereochemistry o, the m e ,hy, grouos in the polykende cha.n 
•s determined by the acyltransferase. but it , s . ,n fact, a feature of other domains of the PKS and 
thus open to variation only by replacement of those domains, individually or by module 
replacement Methyl and other substituents can be added or removed by acyltransferase doma.n 
replacement or total module replacement. Consequent ,y. „ alS o becomes apparent to those 
skilled in the art that it is possible to combine the use of the relaxed substrate specificity of the 
erythromycin loading module with extens.cn module replacement and hybnd loading module 
substitution with extension module rep.acement as a mechanism to produce a w.de range of novel 
erythromycins Thus, this invention describes the production of nove. erythromycins by non- 
transformed organisms and a,so such gene assemblies vectors containing such gene assemblies, 
and transformant organisms that can express them to produce nove, erythromycins in transformed 
organisms Transformant organisms may harbour recom^ant plasm.ds. or the plasmas may 
integrate A P ,asm,d with an /„, sequence will integrate ,,c a soecrfic attachment site (a*, of a 
host's chromosome Transformant organ.sms may oe c,„„e of modifying the initial products, 
e.g.. by carrying out a., or some of the b.osynthet.c mcc v.r ws norma, ,n the production of 
erythromycns (as shown ,n Figure 2B) However, use r ,. mMe of mutant organisms such that 
some of the norma, pathways are blocked, e g . to produce products without one or more natura," 
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hydroxy-groups or sugar groups, for instance as described in WO 91/16334 or in Weber et al. 
(1985) J Bactenol 164:425-433 which are incorporated herein by reference in their entirety. 
Alternatively, use may be made of organisms in which some of the normal pathways are 
overexposed to overcome potential rate-limiting steps in the production of the des.red product. 
5 for .nstance as described in WO 97/06266 which is incorporated here.n by reference in its entirety. 
This aspect of the method is largely concerned with treating PKS gene modules as 
building blocks that can be used to construct enzyme systems, and thus novel erythromycin 
products, of desired types This generally involves the cutting out and the assembly of modules 
and multi-module groupings. Logical places for making and breaking intermodular connections are 
,o be m the linking reg.ons between modules. However, .t may be preferable to make cuts and pins 
actually wrthin domains (i.e.. the enzyme-coding portions), close to the edges thereof The DNA ,s 
h,ghly conserved here between all modular PKSs. and this may aid ,n the construction of hybrids 
that can be transcribed. It may also assist ,n ma.nta.ning the spac.ng of the active sites of the 
encoded enzymes, which may be important For example, in producing a hybnd gene by replacing 
,5 the loading module by an a* load.ng module, the ery modu.e together with a small amount of 
the following ketosynthase (KS) domain was removed. The start of the KS domain (well spaced 
from the active site) is h.gh.y conserved and therefore provides a suitable splicing site as an 
alternative to the linker region between the loading domain and the start of the KS domain. The 
excised §DL module was then replaced by an ayr loading module 
20 in fact, when substituting a loading modu.e. it may be desirable to replace not just the 

loading modu.e domains (generally acyl transferase (AT) and acv. carrier protein ( ACP». but also 
the KS at the start of the following extension module. Typically the excised loading module would 
have provided a propionate starter, and the replacement is intended to prov.de one or more 
different starters Prop-onate. however, may feed .nto the KS of the extens.cn modu.e from a 
25 prop-onate pool in the host cel.. leading to dilution of the des.re<1 products This can be largely 
prevented by substituting an extended loading modu.e including all or most of the KS doma.n. 
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(The splice s,te may be in the end reg.on of the KS gene, or early ,n the following AT gene, or the 
linker region between them.) 

When replacing "modules ', one is not restricted to "natural" modules. For example, a 
"combinatorial module" to be excised and/or replaced and/or inserted may extend from the 
5 corresponding domain of two natural-type modules, e.g.. from the AT of one module to the AT of 
the next, or from KS to KS. The Sp((C e sites will be ,n corresponding conserved marginal regions or 
m linker regions. A combinatorial module can also be a double' or .arger multiple, for adding 2 or 
more modules at a time. 

in a further aspect, the invention provides novel erythromycins obtainable by means of the 
10 previous aspects. These include the following: 

(» An erythromycin analogue (being a macrol.de compound with a 14-membered r.ng) ln 
wh,ch C- 13 bears a s,de-cha.n other than ethyl, generally a straight cha,n C3-C6 alkyl group, a 
branched C 3 ^ 8 alkyl group, a C 3 -C 8 cycloalkyl or cycloalkenyl group (optionally substituted, e.g.. 
with one or more hydroxy, C , . 4 alkyl or alkoxy groups or halogen atoms), or a 3-6 membered 
15 heterocycle containing O or S. saturated or fully or partially unsaturated, optionally substituted (as 
for cycloalkyl), or R, is phenyl which may be optionally substituted with at ieast one substituent 
selected from c,-C< alkyl. Cl -C.alkoxy and C,^ 4 alkytthio groups, halogen atoms, trifluoromethyl. 
and cyano: or R, may be a group wrth a formula (a) as shown below: 



(CH,) (CH2)( 



20 





wherein X is O. S or -CH r . a. b, c. and d are each independently 0-2 and a + b + c + d < 5 Preferred 
candidates tor the C-t3 substituen, R are the groups of carboxy. a , e units RCOOR'. usable as 
substrates by an ayr starter module, or rapamyc.n starter variants. Preferred substrates are the 
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carboxyhc acids RCOOH. Attentat, ve substrates that can be effectively used are carboxylic acid 
salts. carboxylic ac.d esters, or amides Preferred esters are N-acety.- Cy steam,ne th.oesters wh,ch 
can readily be ut.hsed as substrates by the ayr starter module as illustrated by Dutton et al. in EP 
0350187 which is incorporated here,n by reference in ,ts entirety. Preferred amides are N-acy. 
5 imi dazo.es. Other alternative substrates that may be used are derivatives which are oxidative 
precursors for the carboxyi.c acids; thus, for example su.table substrates would be am,no acids of 
the formula RCH(NH ? )COOH. glyoxyl.c acid, of the formula RCOCOOH. methy.am.ne derivatives of 
the formula RCH ? NH, methano. derivatives of the formu.a RCH 2 OH. aldehyoes of the formula 
RCHO or substituted a.kanoic acds of the formula R(CH 2 ) n COOH where.n n ,s 2. 4. or 6. Thus 
o examples of preferred substrates include .sobutyrate (R=.-Pr) and 2-methy.butyrate (R.1 - 
methylpropy.) Other possibilities include n-butyrate. cyc.opropy. carboxylate. cyclobutyl 
carboxylate. cyclopenty. carboxylate cyc.ohexy, carboxylate. cycloheptany, carboxylate. 
cyclohexeny. carboxy.ates. cyc.oheptenyl carboxy.ates. and r.ng-methylated variants of the cycl.c 
carboxylates and the aforementioned derivatives thereof. 

The erythromycin analogue may correspond to the initial product of a PKS (6- 
deoxyerythrono.ide, or the product after one or more of the norma, b,osynthet,c steps. As shown 
in Figure 2b these comprise: 6-hydroxylat.on: 3-0-g.ycosylation. 5-0-glycosy.at,on: 12- 
hydroxylation. and specific sugar methylation. 

Thus, the analogues may .ndude those corresponding to 6-deoxye.ythronol.de B. 
20 erythromycin A. and the various intermediates and alternatives (although not limit* to those) 



25 



shown in Figure 2b. 

(ii) Erythromycin analogues differing from the corresponding natural' compound (Figure 
2b) in the oxidation state of one or more of the ketide units (i.e. selection of alternatives from the 
group: -CO-. -CH(OH)-. =CH-. and -CH 2 -). 

The stereochemistry of any -CH(OH)- is also independently selectab.e. 

(,.,) Erythromycin ana.ogues diffenng from the corresponding natural' compound in the 
absence of a natural methyl s,de-cha,n (Th.s is achievable by use ol a var.ant AT) Normal 
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extens™ modules use erthe , Cs or ^ unfts w provjfle mmgthmed ^ ^ 
uni„ one may prov.de unmeth ^ atM unf(s ^ methwa(ea uni(s ^ ^ ^ ^ ^ ^ 

systems where .here are na.uralty unmethytated ana alS o provide targe, un te . e a . C 4 to 
provide ethyl substrtuents. 

W Erythromycin anatogues dlttehng trom the corresponding new compound ,n me 
stereochemistry c, natural' methyl; and,or ring substituents other than methyl. 

(v, Erythromycin analogues having the features o, two or more ot secttons ,0 to ,iv, 
<vi, Derivatives ot any o, me above which have undergone turther processing by „on-PKS 
-zymes. e.g.. one or more o, hydration. epox,d a „on. g,ycosy,a„on. and methytation 

Methods are described to, the production o, the novel erythromycins ot the present 
— in the s,m P ,est method, unnatura, starter u„„s (preterabty, bu, no, restricted to the 
=ar*,y„c ac,d analogues o, the unnatura, starter u„„s, are introduced to untranstormed organisms 
capable o, producing erythromycins A preterred approach involves introduction o, the starter u„„ 
■nto termentation broths o, the erythromycin.producng organism, an approach wh.cn Is more 
ettective tor „an s ,orm M organisms capab,e o, producing erythromycins However the starter unit 
analogue can atso be introduced to alternative preparations o, the e^thromycin.producing 
organs, tor exampte. traconated or untraconated brcken-cell preparations. Again ,h,s 
approach Is egually ertecve tor transtormed organisms capabte C producing achromycins ,n 
another method, one or more segments o, DNA encodtng ,^v,dua, modutes or domains w„hin a 
heterologous Type , PKS (the -donor- PKS, have been used to replace the DN A encoding 

dividual modutes or domains w,,h,n the C E BS genes o, an ery.romycln.produang 
organism Loading modutes and extension modules drawn trom any natura, or non-natura, Type , 
PKS. are suitabte tor this -donor- PKS bu, particulahy suitabie tor ,h, s purpose are the components 
<* Type , PKSs to, the biosynthesrs o, erymromycn. rapamycn. avermectin. ,e,ronas,„ 
oleandomycin. monens,„. amphotericin, and ntamycn. tor which the gene and modular 
organises ,s Known through gene sequence anatysts. a, leas, ,n pan Pancularfy tavourable 
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specificity, for example, the loading module of the avermectm (avr)-producing PKS of 
Streptomyces avermitilis; or those loading modules possessing an unusual specificity, for 
example, the loading modules of the rapamyc.n, FK506- and ascomycin-producing PKSs. all of 
wh.ch naturally accept a shik.mate^erived starter unit. Unexpectedly, both the untransformed 
5 and genetically engineered erythromyc.n-producing organisms when cultured under suitable 
conditions have been found to produce non-natural erythromycins, and where appropriate, the 
products are found to undergo the same processing as the natural erythromycin. 

In a further aspect of the present invention, a plasmid containing "donor" PKS DNA is 
introduced into a host cell under cond.tions where the plasmid becomes integrated into the DEBS 
10 genes on the chromosome of the erythromyc.n-produc.ng strain by homologous recombination, to 
create a hybrid PKS. A preferred embodiment is when the donor PKS DNA includes a segment 
encoding a loading module ,n such a way that th.s loading module becomes linked to the DEBS 
genes on the chromosome. Such a hybrid PKS produces valuable and novel erythromycin 
products when cultured under suitable conditions as described herein. Specifically, when the 
15 loading module of the DEBS genes is replaced by the loading module of the 

avermectin-producing (avr) PKS. the novel erythromycin products contain a starter unit typical of 
those used by the avr PKS. Thus, when the .oading module of the ery PKS is replaced by the avr 
loading module. Saccharopolyspora erythraea strains containing such hybrid PKS are found to 
produce 14-membered macrolides containing starter units typically used by the avr PKS. 
20 Itis unexpected that the 14-membered macrolide polyketides produced by such 

recombinant cells of S erythraea are found to include derivatives of erythromycin A, showing that 
the several processing steps required for the transformation of the products of the hybrid PKS into 
novel and therapeutically valuable erythromycin A derivatives are correctly earned out A further 
aspect of the present invention is the unexpected and surprising finding that transcription of any 
25 of the hybrid erythromycin genes can be specifically increased when the hybrid genes are placed 
under the control of a promoter for a Type II PKS gene linked to a specific activator gene for that 
promoter .t ,s particularly remarkab.e that when a genetically engineered cell containing hybrid 
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erythromycin genes under such control ,s cultured under conditions suitable for erythromycin 
production, significantly enhanced levels of the novel erythromycin are produced Such specific 
increases ,n yield of a valuable erythromycin product are also seen for natural erythromycin PKS 
Placed under the control of a Type II PKS promoter and activator gene. ,n a preferred embodiment. 
5 des,red genes present on an SCP2^er,ved plasmid are placed under the control of the 
bid.rectional actl promoter derived from the actinorhodin biosynthetic gene cluster of 
Streptomyces coel.color. and in wh,ch the vector also contains the structural gene encoding the 
specific act,vator protein Act ll-orf 4. The recombinant plasmid is .ntroduced into 
Saccharopolyspora erythraea. under conditions where e.ther the introduced PKS genes, or PKS 
.0 genes already present in the host strain, are expressed under the control of the actl promoter. 

Such strains produce the des.red erythromycin product and the act.vator gene requires 
only the presence of the specific promoter ,n order to enhance transcriptional efficiency from the 
promoter This ,s particularly surprising ,n that activators of the Actl Wrf4 family do not belong to a 
recognised class of DNA-binding proteins. Therefore it would be expected that additional proteins 
15 or other control elements would be requ.red for activation to occur in a heterologous host not 

known to produce actinorhodin or a re.ated isochromanequrnone pigment It is also surpn SI ng and 
useful that the recombinant strains can produce more than ten-fold erythromyan product than 
when the same PKS genes are under the control of the natural promoter, and the specific 
erythromyan product is also produced precociously ,n growing culture, rather than on.y during the 
o trans,tion from growth to stationary phase. Such erythromycins are usefui as anflbiotics and for 
many other purposes in human and veterinary mediane. Thus, when the genetically engineered 
cell is Saccharopolyspora erythraea. the activator and promoter are derived from the actinorhodin 
PKS gene cluster and the actl/actl.-orf4-regulated ery PKS gene Custer is housed in the 
chromosome, fo.lowing the s-te-specrfic integration of a low copy number p.asm.d vector, culturmg 
5 of these cells under suitable conditions can produce more than ten-fold total 14-membered 

macro,.de product than ,n a comparable strain not under such heterologous control When ,n such 
a genetically engineered cell of S. erythraea the PKS genes under this heterologous contro. are 
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hybrid Type I PKS genes whose construction is described herein, more than ten-fold hybrid 
polyketide product can be obtained compared to the same hybrid Type I PKS genes not under 
such control. Specifically, when the hybrid Type I PKS genes are the ery PKS genes in wh.ch the 
loader module is replaced by the avr loading module, a ten-fold increase is found in the total 
amounts of novel 14-membered macrolides produced by the genetically engineered cells when 
cultured under suitable conditions as described herein. 

The suitable and preferred means of growing the untransformed and genetically- 
engineered erythromyc.n-produc.ng cells, and suitable and preferred means for the isolation. 
KJentification. and practical ut.l.ty of the novel erythromycins are described more fully in the 
examples 

dummar y of the I nvention 
The present invention relates to compounds of the formula 1: 



N(CH3) 2 




HO 



Re, = H or 




OR 8 




H3C ORia 



and to pharmaceutical^ acceptable salts thereof, wherein 

R, is an alpha-branched C,^ 9 alkyl, alkenyl, alkynyl. alkoxyalkyl or alkylth.oalky. group any of 
wh,ch may be optionally substituted by one or more hydroxy, groups, a C^, cycloalkylalkyl group 
wherein the alkyl group is an alpha-branched C,-C 5 alkyl group, a C 3 -C, cycloalkyl or C 5 <: 8 
. cycloalkenyl group, either of which may optionally be subsisted by methyl or one or more 
hydroxy., or one or more C,^ alkyl groups or halo atoms: or a 3 to 6 membered oxygen or su.phur 
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conta.ning heterocyclic ring wh-ch may be saturated, or fu.ly or part.ally unsaturated and wh,ch may 
o P t,ona,.y be substituted by one or more C,^ alky, groups or halo atoms: or R, IS phenyl which 
may oe optionally subst.tuted with at least one substrtuent selected from C,-C a alky.. C,-C, alkoxy 
and C,-C 4 a.kylth.o groups, halogen atoms, tnfluoromethy,. and cyano; or R, may be a group w,th a 
formula (a) as shown below: 



(CH 2 ) av ^^ (CH2)c 

X 



wheretn X is O. S or -CH 2 , a. b. c. and d are eacn .ndependent.y 0-2 and a + b + c + d < 5. 

fVs HorOH; R 3 -R s areeach. independently H, CH, orCH.CH,; R 6 is H or OH. and R 7 is H 
CH 3 . orCH ? CH,; R 8 j s H or desosam.ne: R 9 , s H. CH 3 , or CK.CH,; R„ IS OH. mycarose <R a is H) 
cladinose <R„ ,s CH 3 ). R„ is H; or R I(1 = R,, = O; and R,, ,s H. CH,. or CH jC H 3 

In the above definition, a.ky, groups conta.n.ng 3 or more carbon atoms may be straight 
branched chain. Halo means fluoro. ch.oro. bromoouodo. Alpha-branched means that the carbon 
attached to the C- 13 position is a secondary carbon atom l.nked to two further carbon atoms, the 
remainder of the alky, chain may be stra.ght or branched Cham 

Preferred compounds of formu.a 1 are those wherem R 3 -R 5 . R 7 . R, and r. are CH 3 . and R, 
is .sopropy, or sec-butyl. 2-buten-2-y,. 2- P en»en-2-yl. or 4-methy,-2-penten- 2 -y, opt.onally 
substituted by one or more hydroxy, groups Also preferred are compounds of formu.a 1 wherein 
R3-R, R, R 9 . and R.areCH, and R, iaC.-C.cyctoallcyi orcycloafkeny,, which may opfonallybe 
substituted by one or more hydroxy, groups or one or more C.-C, alkyi groups In a further group 
of preferred compounds. R, is a 5 or 6 membered oxygen or sulphur coming heterocyclic ring, 
particularly a 3-th.eny, or 3-fury, ring. which may be opt.onally subst.tuted by one or more hydroxy, 
groups, or one or more C.-C. a(k y, groups or halogen atoms .n another group of preferred 
compounds. R , is a C 3 -C 8 alkylthioalkyl group, part.cu.arly a 1 -methylth.oethy, group 



or 



or 
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Other specific embodiments of this invention include compounds of formula 2: 

N(CH 3 ) 2 




H 3 C OR 13 



and to pharmaceutical^ acceptable salts thereof, wherein : 

R, is H. C,-C 8 alkyl. C ? -C, alkenyl, C ? -C e alkynyl, alkoxyalkyl or aikylthioalkyl containing from 1 

5 to 6 carbon atoms in each alkyl or alkoxy group-wherein any of said alkyl. alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms; or a C 3 - 
C. cycloalkyl or C 5 -C 8 cycloalkenyl either of which may be optionally substituted by methyl or one or 
more C,-C, alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and which may optionally 

10 be substituted by one or more CO, alkyl groupsor halo atoms: or a group of the formula SR„ 

wherein R 14 isC^.alkyl. C*C alkenyl, C ? <; e alkynyl. CVC cycloalkyl. C 5 <; a cycloalkenyl. phenyl or 
substituted phenyl wherein the substituent is C,-C. alkyl. C,-C, alkoxy or halo, or a 3 to 6 membered 
oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C,-C« alkyl groups or halo 

15 atoms. 

R ? isH or OH. R 3 -R 5 are each independently h CK. or CH ? CH 3 ; R„ is H or O H; and R^isH. 
CH 3 . or CH 7 CH 3 ; R 8 is H or desosam.ne ; R 9 .s H. CH or CH .CH V R * is OH. mycarose (R 0 is H). or 
C^e (R„ isCH 3 ). R n is H; or R, 0 = R„ = O: anc " ,r, H CH 3 . orCK,CH 3 . with the proviso that 
when R 3 -R, are CH 3 . R 7 is CH 3 , R„ is CH 3 . and R , :> is CH , then R, is not H or C, alkyl 
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In the above definrt IO n. alkyl groups containing 3 or more carbon atoms may be straight or 
branched chain. Halo means fluoro. chloro. bromo or iodo. 

Preferred compounds of formula 2 are those wherein R 3 -R s are CH 3 . R,is CH 3 . R 9 j S CH 3 
and R 1? isCH 3 , and R, is SR 14 wherein R M is methyl or ethyl. In another group of preferred 
5 compounds. R, is methyl, isopropyl. or sec-butyl, which may be substituted by one or more 
hydroxy! groups In a further group of preferred compounds. R, .s branched C 3 <: B alkyl group 
substituted by one or more hydroxyl groups or one or more halo atoms, particularly 1 - 
(trifluoromethyl)ethyl 

The invention also relates to a pharmaceutical compositor, for the treatment of a bacterial 
IO infection or a protozoal infection in a mammal, fish, or bird which compnses a therapeutically 

effective amount of a compound of formula 1 or formula 2, or a pharmaceutical^ acceptable salt 
thereof, and a pharmaceutical^ acceptable carrier. 

The invention also relates to a method of treat.ng a bacterial infection or a protozoal 
infection ,n a mammal, fish, or bird which compnses admin.stenng to said mammal, fish or bird a 
15 therapeutically effective amount of a compound of formula lor formula 2 or a pharmaceutical^ 
acceptable salt thereof. 

The term "treatment", as used herein, unless otherw.se indicated, includes the treatment 
or prevention of a bacterial infection or protozoal infection as provided in the method of the 
present invention 

20 As used herein, unless otherwise indicated, the terms "bacterial infection^)' and 

"protozoal infection(s)" include bacterial infections and protozoal mfect.ons that occur in mammals, 
fish and birds as well as disorders related to bactenal infections and protozoal infections that may 
be treated or prevented by administering antibiotics sucn as the compounds of the present 
invention. Such bacterial infections and protozoal infecr.-.s and disorders related to such 

25 infections, include the following, pneumonia, otitis meo a s.nus.tus bronchitis, tonsillitis, and 

mastoiditis related to infection by Streptococcus pneum C n, at > Haemoph.lus influenzae. Moraxella 
catarrnalis. Staphylococcus aureus, or Peptostreptococcus spo . pharyng.tis. rheumatic fever, and 
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g,omeru.one P hrit.s related to infection by Streptococcus pyogenes. Groups C andG streptococci, 
Clostridium diptheriae. or Actinobadlus haemolyticum: respiratory tract infections related to 
infection by Mycoplasma pneumoniae. Legionella pneumophila. Streptococcus pneumoniae. 
Haemophilus influenzae, or Chlamydia pneumoniae: uncomplicated skin and soft t.ssue infections, 
5 abscesses and osteomye.rt.s. and puerperal fever related to infection by Staphylococcus aureus. 
coagulase-positive staphylococci (i.e.. S ep.dermidis. S hemolytics etc.). Streptococcus 
pyogenes . Streptococcus agalacuae. Streptococcal groups C-F (m.nute-co.ony streptococci), 
v.ndans streptococci, Corynebactenum m,nutiss,mum. Clostridium spp., or Bartonella henselae: 
uncomplicated acute urinary tract inf ecuons re.ated to infection by Staphylococcus saprophytes 
l( , or Enterococcus spp. . urethr,t,s and cervicitis: and sexually transmitted diseases re.ated to 
infection by Chlamydia trachomas Haemophilus ducrey, Treponema pallidum. Ureaplasma 
urealyticum. or Neiserna gonorrheae: toxin diseases re.ated to infection by S. aureus (food 
poisoning and Tox,c shock syndrome), or Groups A. B. and C streptococci; ulcers re.ated to 
infection by Helicobacter pylon: systemic febrile syndromes related to infection by Borrelia 
,5 recurrent*: Lyme disease related to infection by Sorre/,a burgdorferi. -conjunctivas, keratitis, and 
dacrocystifs related to infection by Chlamydia trachomatis. Neisseria gonorrhoeae. S aureus. S. 
pneumoniae. S pyogenes. H influenzae, or Listeria spp. : disseminated Mycobacterium avium 
complex (MAC) disease related to infection by Mycobacterium avium, or Mycobacterium 
intracellulars: gastroenteritis re.ated to infection by Campylobacter jejuni. -intestinal protozoa 
20 related to infection by Cryptosporidium spp. ; odontogenic -nf ect.on re.ated to infection by viridans 
streptococci; persistent cough re.ated to infection by Bordetella pertussis:** gangrene re.ated to 
infection by C,ostrid,um pertringensor Bacteroides spp, and atherosclerosis re.ated to infection 
by Helicobacter pylori or Chlamydia pneumoniae Bacteria, infections and protozoa, infections and 
disorders re.ated to such infections that may be treated or prevented .n animals .nclude the 
25 following: bovine resp-ratory disease re.ated to .nfeC.on by P. haem . P multocida. Mycoplasma 
bovis. or Bordetella spp. : cow en.enc disease related to infection by E. coli or protozoa (i.e. . 
coccdia. Cryptosporidia, etc ); da.ry cow mastitis related to .nfect,on by Staph aureus. Strep 
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uteris. Strep. a galactlae . strep. ^a te . K/ e *s,e/,a spp. . CorynePactenum. or Enterococcus 
spp, sw,ne respiratory d, S ease related to infection by A. pteuro . P multoclda . or Myc 0plasma 
spp, sw.ne enteric d.sease related to .nfection by E co, LawS0 n, a .ntraceHulans. Saimone,,, or 
SerpuHna h yo d yi sl ntenae: cow footrot re.ated to infection by FusoPacterium spp.; cow metritis 
5 reiated to .nfect.cn by E co, cow hairy warts related to ,nfect,on by Fusotactenum necrop h orum 
or Bacteroo-es noCosus: cow p.nk-eye related to .nfect.on by Mo raxe „a Povs, cow premature 
abortion re.ated to .nfection by protozoa (,.e. neospor.um); unnary tract infection In dogs and cats 
related to infection by E co, sK.n and soft tissue .nfect.ons ,n dogs and cats related to .nfection by 
Step,. ep ld erm tdls . Stapti. Melius, coagutase neg. Stapti. or P munocrta. and denta( or 
mouth infections ,n dogs and cats re.ated to .nfect.cn oy A, callgen es spp. . Bactero, d es spp . 
C,ostri dlum sop.. Enterotac t ers PP ., Euoactenum. Peptostreptococcus. Porptoyromonas. or 
Prevoteua. Other bactena. .nfect.ons and protozoal .nfect.ons and disorders related to sucn 
mfect.ons that may be treated or prevented in accord w„h the method of the present invention are 
referred to .n J P. Sanford et a,.. "The Sanford Gu.de To Ant,m,crob,a. Therapy." 26th Ed.t.on. 
(Antim,crobia, Therapy. ,nc. 1996). ft .s a,so becom.ng .ncreas.ng.y apparent that compounds of 
this invention can have considerable utility ,n the treatment of disease states (e.g.. cancer. AIDS, 
and atherosclerosis) not normally assoc.ated with bacterial or protozoa. .nfect,ons 

When used to treat a bacter.a. infect 10 n or a disorder re.ated to a bactena. infection or 
cancer.namammal. such as a human, orafish. or bird, a compound of formula 1 or formula 2 can 
be adm.n.stered alone or in the form of a pharmaceutical composition comprising the compound 
and a pharmaceu1ica.lv acceptab.e di.uent or carrier Such compositions can be administered 
orally, for example, as tablets or capsules, or parenteral which includes subcutaneous and 
intramuscular .nject.on decompounds of formula lor formula 2 may also be adm.n.stered rectal.y 
such as through ap P «,cation of a suppository The P harmaceut,a.. y acceptable earner wil, depend 
on the .mended mode of admin.strat.on For example, lactose sod,um crate, and salts of 
Phosphoric ac.d. together with disintegrating agents (such as starch, and lubncat.ng age nts (such 
as magnesium stearate. sodium laure, sulfate, and ta.c) can be used as the pharmaceut.ca.ly 
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acceptable carrier in tablets. Also, lor use in capsules, useful pharmaceutical* acceptable earners 
are lactose and high molecular weight polyethylene glycols (e g , having molecular weights from 
2.000 to 4,000) For parenteral use. sterile solutions, or suspensions can be prepared wherein 
the pharmaceutical* acceptable earner is aqueous (e.g.. water, isotonic saline, or isotonic 

5 dextrose) or non-aqueous (e.g.. fatty oils of vegetable origin such as cottonseed or peanut oil, of 
polyols such as glycerol or propylene glycol) 

When used in vivo to treat a bacterial infection or orders related to a bacterial infection in a 
mammalian subject, or for treatment of various cancers in humans, (in particular non-small cell lung 
cancer) and other mammals such as dogs, either orally or parenteral*, the usual da.ly dosage will be 

,o in the range from 0.1-100 mg/kg of body weight, espec.ally 0.5-25 mg/kg of body weight, in single 
or divided doses 

The phrase "phaimaceuticaJy acceptable salt(s)", as used herein, unlessotherwise 
indicated, .ncludessattsof acidicor basic groups which maybe present in the compounds of the 
present invention. The compounds of the present invention that are basic in nature are capableof 

15 forming a wide variety of salts with vanous norganic and organic acids The acids that may be used to 
prepare pharmaceutical* acceptable acid additon sattsof such basic compounds of are those that 
form non-toxic acid addrtbn salts, i.e.. salts contain hg pharmacologicallyacceptabe anions, such as 
the hydrochloride, hydrobromide, hydroiodide. nitrate, sulfate, bbulfate. phosphate, acid 
phosphate, isoncotmate. acetate, lactate, salicylate. citrate, acid citrate, tartrate, pantothenate, 

20 brtartrate. ascorbate. succinate, mdeale. gentis.nate.fumarate. gluconate, glucaronate. saccha-ate. 
formate, benzoate, glutamate, methanesuffonate. ethanesulfonate, benzenesulfonate, p- 
toluenesulfonate and pamoate [i.e. , 1 . 1 •-methylene-bis-(2-hydroxy^-naphthoate)] salts 

Thosecompoundsof the present invention that are acidic in nature are capable of forming 
base salts with various pharmaco log tally acceptable cations. Examples of such saltsinclude the 

25 alkali metal oralkal.ne earth metal salts and, particularly, thecalcium. magnesium, sodium and 
potass-urn saltsof the compounds of the present invention. 



SUBSTITUTE SHEET (RULE 26) 



BNSOOCIO' <WO 9801 571 A2 I > 





WO 98/01571 

PCT/GB97/01810 

18 



are 



Certan compoundsof the present invention mayhave asyrrmetric centers and therefore 
exist in different enant,omenc and d.astereomc forms This invention relates to the use of al optical 
isomers and stereoisomer^ the corrpounds of the present invention, and mixtures thereof . and to 
all pharmaceutical compostions and methods of treatment that may employ orcontan them. 
5 The present invention incbdes the compounds of the present invention, and the 

pharmaceuticallyaccepta^fe salts thereof, wherein one or more hydrogen, carbon orother atoms 
replaced by isotopes thereof. Suchcompoundsmay be useful as research anddiagnostictools 
metabolism pharmacokinetic studies end in binding assays 

Compounds of the present n ven tion ae produced by fermentation of an untransf ormed or 
1 0 transformed organism capable of producng erythromyc.ns. including but not fmited to 

Saccharopolysporaspec.es. Streptomvcesgnseoplanus, Nocardiasp.. Mcromonosporasp.. 
Arthobacter S p..andStreptomycesantib,ot,cus butexcUding S. ooelicolor. Particuferly suitable in 
this regard areuntransformed and transformedstransofSaccharopolysporaerythraeaforexampte 
NRRL 2338. 1 8643, 2 1 484. Paticulany preferred transformed strains are those in wh,ch the 
15 erythromycin loading module has been replaced wrth the bad.ng module from the avermedin 

producer, Streptomycesavermrtilis.orthe rapamycin producer. Streptomyceshygroscopcus. The 
preferred method of produang compounds of thecurrent hvention is by fermentation of the 
appropriate organism in the presenceof the appropriate carboxylicaad of the formulafll COOK 
wherenm is aspreviousy defined in formulae 1 or £. or asalt. ester (particularfy preferable berngthe 
20 N-acetylcysteamre thioester). oramde thereof or oxidative precursor thereof. The «d orderivative 
thereof is added to the fermentation either at the timeof inoculation or atintervalsduring the 
fermentation Productionof the corrpounds of this invent™ may be monitored by removing 
samples from the fermentation, extracting with an organcsolventand follovMng the appearance of 
the compoundsofthisinvention by chromatography, forexample usng high pressure liquid 
IS chromatography Incubation .scontnued untilthe yield of the compound of formulae lor 2 has 
been maximised, generator a perbd of 4 to 1 0 days. A preferred level of each addition of the. 
carboxyhc acid or derivative thereof -s between 0 05 and 4 0 g/L The best yields of the compounds 
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from formulae lor 2 are generally by gradually adding the acid orderivative to the fermentation, for 
exampe by daily addition over a penod of several days. The medtim used forthe fermentation may 
be aconventiona complex med iu m contaning assimilable sources of carbon, nrtrogen and trace 
elements. 

The suitable and preferred means of grow.ng tne untransformed and genetically- 
engineered erythromyc.n-produc.ng cells, and suitable and preferred means for the isolation. 
,dentif.cat,on, and practical utility of the compounds of formulae 1 and 2 are described more fully in 
the Examples. 

Rripf Descriptio n "* the Oawinqs 
Some embod.ments of the invention w.ll now be described with reference to the 
accompanying drawings in which 



Figure 1 gives the chemical formulae of three known polyketides; 
15 Figure 2a is a diagram showing the functioning ot 6-deoxyerythronolide synthase B (DEBS), a PKS 
producing 6-deoxyerythronolide B (6-DEB). a precursor of erythromycin A . 
Figure 2b shows post-PKS biosynthesis of erythromycins including the conversion of 6-DEB to 
erythromycin A; 

Figures 3gand 3fe are diagrams showing the construction of plasmid P IG1 ; 
20 Figures 4a. 4b. and 4c are diagrams showing the construction of plasmid pND30: 

Figure 5 is a diagram showing the construction of plasmid pAVLD. 

Figure 6 shows the integration of pAVLD into the genome of S erythraea NRRL2338 

Figure 7 is a diagram showing the biosynthesis of rapamycin. 

Figure 8 is a diagram showing the construction of plasmid pM06 
25 Figure 9 is a diagram showing the construction of plasmid pCJR26. 

Figure 10 is a diagram showing the construction of plasmid dC-ATX 
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Figure 1 1 is a diagram show.ng the construction of piasmti P C-AT1 2 
Figure 1 2 is a diagram showing the construction of plasmid pCJR49. 



Det ailed Description nf the Inve ntion 
The wide range of starter units accepted by the ayr load.ng module has been 
comprehensive* established ,n prev.ous stud.es (for examp.e E ur0 pean Patent Applications 0 
214 731. 0 350 187. 0 317 148 which are .ncorporated here, ,n the, enfrety) Consent* ,t 
shou,d be understood that the .nvent.on „ not , ( m„ed to the specf.c deta„ of these examp.es and the 
' s,mp. y serve to ccnf,rm the effectless of the tt load.ng module Furthermore, the exam P ,es 
using the p.Gtor p ND30 construct c.eariy demonstrate the capability of the act, promoter and ,ts 
cognate act.vator gene act„-or,4 to ehance the express,on of the nove. compounds of th.s 
invention when l.nKed to the tt load.ng module. It ,s also apparent from the examp, es that 
untransformed strains of Saccharopolyspora erythraea are also read.ly capable of ta k ,n g up 
exogenously-suppiied substrates to generate nove, erythromycn po,y k etides. Consepuently .t is 
a,so apparent to those SKi„ed in the art that specf.c nove, compounds of th.s .nvent-on can be 
readily produced by selection of the approbate erythromycn producng strain (opt.onafly 
mcorporating me p,G 1 or pWD30 p ,asm ( d into the des,red strain), and supplement^ the 
fermentation w,th the appropriate starter unit. Thus, 6-deoxyerythromycin and 6.12- 
d-deoxverythromycin derivatives of the present .nvention can be read„y produced us.ng 
Saccharopolyspora erythraea NRRL 18643 or NRRL 21484 as .nd.cated ,n U.S. 5. 141 .926 and 
WO 97/06266 Similarly, use of the Saccharopo.yspora erythraea stra.ns described by Weber et a, 
■n J. Bacteno... 164.425-433. 1991 can a,so be emp.oyed to obta.n the desired nove, ana.ogues of 
the present ,nvent,on For examp.e. stra.n UW24 can be used <o P „ona„y transformed by pIGt or 
PND30) to obtain novel analogues of erythronol.de B 

UV spectra were recorded using a Hewlett-Packard 1090M d,ode-array 
spectrophotometer A„ NMR spectra were measured in CDC, 3 by a Var.an Un.ty 500 MHz. 
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spectrometer unless otherwise indicated and peak positions are expressed in parts per million 
(ppm) downfield from tetramethysilane. The peak shapes are denoted as follows: s. singlet; d, 
doublet: t, triplet; q. quartet; m. multiple!; br. broad. The atom number shown in the NMR 
structures is not representative of standard nomenclature, but correlates NMR data to that 
particular example. HPLC-MS data was acquired using a Hewlett-Packard 1090M liquid 
chromatograph interfaced to a VG Platform II mass spectrometer equipped with an APCi source 
(method A) or using a Hewlett-Packard 1050 liquid chromatograph interlaced to a VG Platform II 
ass spectrometer equipped with an APCI source (method B and method C). 



m 



10 HPLC method A : 

Column 
Flow 

Mobile pnase 



15 



Beckman Ultrasphere 5 ODS 4 mm x 25 cm 
0 85 mL/min 

Gradient: acetonitnle:0.05 M ammonium acetate (28:72) 
to acetonitnle O.05 M ammonium acetate (50:50) over 22 
minutes, maintain acetonitrile:0.05 M ammonium acetate 
(50:50) 22-25 minutes; return to initial conditions 25-30 
minutes. 



20 



HPLC method B : 



Column 
Flow 

Mobile phase 



MetaChem Inertsil 5 nm C8 3 mm x 1 50 mm 
0.5 mL/min 

Isocratic: methanol:0.05 M ammonium acetate with 0.1 % 
trifluoroacetic acid (60:40) 



25 HPLC method C : 



Column 



Waters Symmetry Sum C18 2 1 mm x 150 mm 
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Flow 0.22mL/min 

Mobile phase Gradient: acetonitrile;0.05 M ammonium acetate (30:70) 

to acetonitrife:0.05 M ammonium acetate (50:50) over 30 



minutes. 

Use is made of the following media and solutions: 
Sucrose-Succinat? n ^ned M^rti^ m 

sucrose 



KN0 3 10 g 



69 g 



succinic acid 2.36 g 

KH 2 P °4 2.7 g 

MgS0 4 .7H 2 0 1.2 g 

ZnC, 2 10 mg 

MnCI 2 .4H 2 0 6.2 g 

CuCl 2 .2H 2 0 0.53 mg 

CoC, 2 0.55 mg 

FeSO 4 .7H 2 0 2.5mg 

CaQ 2 .2H 2 0 38 mg 

milli-Q water to 1.0 L 

KOH to pH 6-6.4 
Tap water m^inm 



glucose 

tryptone 5 g 

yeast extract 2.5 g 

EDT A 36 mg 



5g 
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tap water to 1.0 L 

KOH topH7 1 



ERY-P medium 

5 dextrose 50g/L 

Nutrisoy™ flour 30g/L 

(NH4)2S04 3g/L 

NaCl 5g/L 

CaC0 3 6 g/L 
10 pH adjusted to 7.0 



Nutrisoy™ flour is purchased from British Arkady Group. Skerton Road. 
Manchester, UK. 



15 The present invention is illustrated by the following examples. 

Example 1a - Construction of Plasmid plG1 

Plasmid pIG 1 consists of an SCP2*<Jerived plasmid containing a hybrid Type I PKS gene 
comprising the avr loading module in place of the ery loading module, the first two extension 
modules of the ery PKS and the thioesterase of the ery PKS This is constructed via several 

20 intermediate plasmids as follows (Figure 3) 
(\) Construction of Plasmid DVE3.4 
Plasmid pVE1446 which contains a portion of the avermectin (avr) PKS genes was obtained from 
E. coli strain ATCC 68250 (MacNeil, D J. et al Ann N v Acad. Sci (1994)721:123-132). Plasmid 
PVE1446 was digested with BamHI and the 7 6 kbo lament between coordinates 32 15 and 

25 3.40 (MacNeil. D.J. etal. Ann. N. Y. Acad Sci .(1994 » 72'- 1 23- 132) was purified by gel 

electrophoresis and recirculansed The mixture contained the desired plasmid pVE3.4 which was 
isolated after transformation of E. coli strain TG1 recO {constructed by Dr. P Oliver, Dept. of 
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Genetics. U. Cambridge; Kolodner. R. et al. J Bactenol. (1985) 163 1060-1066; T. Gibson. Ph.D. 

Thesis. U. Cambridge, 1985. 

(ii) Construc tion nf nlq y mid DNCQ1? 

Plasm.d P BK25 (Bev,tt, D. J. et al. Eur J. Biochem (1992) 204.39-49) was digested with Ncol and 
the 12 kbp fragment was end-repaired and l/gated .nto plasmid P UC18 which had been linearised 
with Smal. The ligation mixture was transformed into E. coli TG1 recO and individual colonies were 
checked for their plasmid content. The desired plasm.d P NC012 was identified by its restriction 
pattern 

("0 Constructio n of Plasmid pCRabc 
Plasm,d pCRabc (Figure 3) was constructed as follows Three separate PCR reasons were 
conducted: First, 20 pmol each of synthetic oligonucleotides A1 (5'-CTCGTCGGTGGCTTT 
GCG-3\) and A2 (5'-CCC GGG AAA AAC GAA GAC TAG TGG CGC GGA CGG CCG-3') were used to 
amplrfy a 1.0 kbp product from 100 ng pNCOl 2 template The PCR product was end-repa.red, 
phosphorylated and cloned into Smal<ut P UC18 to obtain plasmid pCRa. Secondly, 20 pmol each 
of synthetic oligonucleotides C1 (5'-CACGCGCAGCGCGGCGGA-3') and C2 (S'-CGAA CCG CTA 
GCG GTCGTCGCG ATGGCCT-3') were used to amplify a 1.5 kbp product from 100 ng pNC012 
temolate. The product was end-repaired, phosphorylated and cloned into Smal-cut P UC18 to 
obtain plasmid pCRc. Thirdly. 20 pmol each of synthetic oligonucleotides B1 
(5'<3TGGCCCGGCCGTCCGCGCCACTAGTCTTCGTTTTT-3') and B2 (5'-AAC 
AGCTAGCGGTTCX3TCCGCCGCTGCCGTGCC-3') were used to amplify a 1 4 kbp product from 100 
ng pVE3.4 template. The product was end-repaired phosphorylated and cloned into Smal^ut 
PUC18 to obtain plasmid pCRb. 

Plasmid pCRa was digested with Hindlll ana Sue. and the 1 .0 kbp insert was ligated with 
plasmid pCRb previously digested with Hindlll and Sp-. rc obta.n olasmid pCRab. Plasmid pCRc 
was digested with Nhel and EcoRl and the 15 kbp * JS -gated with plasmid pCRab 
previously digested with Nhel and EcoRl to obtain oiasma oCRabc 
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fiw) rr.n^ n irti Qn nf Plas miri pNEWAVETE 
Plasmid pCRabc was digested with Mtel and Sfil and the DNA fragment containing the loading 
domain of the avr PKS was punfied by gel electrophoresis and ligated with pfasmid P NTEP2 which 
had been digested with Mfel and Sfil and the larger fragment purified by gel electrophoresis. The 
5 ligation mixture was transformed into E coli TG1 recO and .ndividua. colonies were checked for 
their plasmid content. The desired p.asmid pNEWAVETE (13.7 kbp) was identified by its 
restriction pattern. 

A/^ Construction o f Plasmid pRM52 
Plasm.d pRM52 is a derivative of plasmid pRM5 (McDaniel. R. et al. Science, (1993) 
,o 262:1546-1550). pRM5 was first linearised by digestion with Ndel. end-repaired and then 

religated to produce P RM51 . P RM51 was cut with Pad and Neil and the large Pac.-Nsi. fragment 
was isolated and ligated to a short double-stranded oligonucleotide linker conta-ning an Ndel site 
and constructed from the synthetic oligonuc.eotides 5'-TAAGGAGGACACATATGCA-3' and 
5 • -T A ATTCCTCCTGTGT AT -3' which were annealed together. The ligation mixture was 
, 5 transformed into E. coli TG.recO and isolated colonies were screened for their plasmid content. 
The desired plasmid (19.6 kbp) was identified by its restriction map and was designated pRM52 

C onstruction o f Plasmid pIGI 
Plasmid pNEWAVETE was digested with Ndel and Xbal and the insert was purified by 
sedimentation on a sucrose gradient. The purified .nsert was ligated into plasmid pRM52 (19.6 
20 kbp) which had been digested with Ndel and Xbal. and the vector purified by sedimentation on a 
sucrose gradient. The ligation mixture was used to transform E. coli and individual co.on.es were 
checked for their plasmid content. The desired plasmid p.G 1 was identified by its restricts 
pattern 

Example 1b - Constructi on of Plasmid DND3.Q 
25 Plasmid pND30 consists of an SCP2* -derived plasm.d containing a hybrid Type I PKS 

gene comprising the avr loading module in place of the ery .oading module, the first two extension 
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modules o, ,he ery P KS and , he lhK;eslerase „, ,„ e e[y pKg ^ ^ ^ 

intermediate plasmids as follows (Figure 4). 

(i)Consir.,nlnn „, ,k„ °- rf , mhiriim , v ^ „, ^ .o^, 

PCJR, 0, (Figure 4, is a shuttle plasm*, constructed to be used for express.cn c. PKS genes in 
5 aCnomycetes I, ,nctudes a ColE, replrcon to allow i, to rebate in E co„. an SCP 2 - low ^ 
number Streptomyces replicon fflbb. M. J and Hopwood. 0 A. J Gen. Microbiol „98„ 
126:427, and the ac,„.p rt 4 ac„va,or gene trom the act Custer which abates transcription trom me 
act promoter during the transit.on ,rom growth pnase to s,a„onary phase ,n the vegetative 
mycelium „ ls constructed as follows: an approximate* 970 bp ONA tragmen, „om 
(«n,a,n,ng the act,, ort< aCvato, gene, <Ferna„de,Moreno. M. a e, a, Ce,, „99„ 66 769-780, ,s 
antffed by PGR. using as primers the synthetic oligonucleotides. 5-ACT AGT CCA CTG CCT 

also introduces tlanKing Spel and A„„ restricfon sites This .ragmen, ,s Coned into the end- 
repaired Aa,„ site o, ptasmid pUC,9 to yield plasmid pCJR,e An approximately 21 5 bp ONA 
■5 tragmen, is amptitled trom pMV400 which contains the bi-directional promoter pair PactltlrPac, 
(Parro. V. e, a, Nucl. Acids Res „99„ ,9:2623-2627,. „ s ,„ g as pnmers the synthettc 

o» 9 on u c,eo„des 5 ,ACATTC T CTACGCCTAA G T G TTCCCCTCCCTGCCTC-3and5-.GT G ArG 
TATGCTCATATG TGT CCTCCTTAATTAATCGATGCG TTCGTCCGG TG-3'. which also 

introduces tlanKIng Nde, and A *e, The PCR productls digested w,,h Nde, and A„„ and ngated 

=0 with the plasmid PCJR, 8 previously cut with Ndel and Aflll, to generate plasmid pGJfl,9 A , , kbp 
Hndll, Sph, tragmen, containing ,he tsr gene, which centers re*s,ance to thiostrepton. ,s obtained 
by PCR trom p*sm,d p, J92 2 (Lydlate. D J. e, a, Gene (,965, 36:223-235, as template, using as 
pnmers the oligonuCeotldes 5 -TGA ACA CCA AGC TTG CCA GAG AGC GAC GAC TTC CCC-3' 
and 5-GAC AGA TTG CAT GCC CTT CGA GGA GTG CCC GCC CGG-3' which also Introduces 
- (,n k ,„g Hlndll, and Sphl s,es The PCR product ,s drgested „„h Hind,,, and Sph, and Irgated w„h 
Plasmid PCJR ,9 cut with Hind,,, and Sph, to obtain plasmid pCJR24 The plasmid p,J9 22 ,s 
digested w„h BamH, and Sst, and the tragmen, containing a portion o, the ,en,„, v focus and the 
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origin of replication (Lydiate. D. J. et al. Gene (1985) 35 223-235) is ligated into P UC19 d.gested 
with BamHl and Sstl to generate the Afunctional plasmid P CJR16 (14.7 kbp). Plasmid pCJR24 is 
digested with Sail and Sphl. the two larger fragments from the digest are purified by gel 
electrophoresis, and combined in a four-component ligation with plasmid P CJR16 which has been 

5 digested with Xhol and Sphl The ligation mixture is used to transform Streptomyces lividans and 
colonies are selected in the presence of thiostrepton. One such colony is shown to contain the 
desired plasmid pCJR101 (approx 12 4 kbp). identified by its restriction pattern. 

(in Construction of Plasmid DCJR29 
The construction of plasmid pCJR29 is .llustrated in Figure 4. A 1.1 kbp H.ndlll-Xhol fragment 

o contain.ng the tsr gene, which confers resistance to thiostrepton. is obtained by PCR from plasmid 
plJ922 as template, using as primers the oligonucleotides 5'-TGA ACA CCA AGC TTG CCA GAG 
AGC GAC GAC TTC CCC-3' and 5-GAC AG A TTC TCG AGC CTT CGAGGA GTG CCC GCC CGG-3' 
which also introduces flanking Hindi II and Xhol sites. The PCR product is digested w.lh HindHI and 
Xhol and ligated with plasmid pCJR 16 which has been digested with H.ndlll and Xhol. to generate 

5 plasmid pCJR25. Plasmid pCJR25 is digested with Hindlll and Sphl and ligated with plasmid 

P CJR19 which has been digested with Hindiii and Sphl. to produce the desired plasmid pCJR29 
(approx. 12.4 kbp). identified by its restriction pattern. Plasmid pCJR29 differs from pCJR101 in 
the orientation of the tsr gene, the actll-orf4 gene and the actl/actlfl promoter, with respect to the 
SCP2*-derived origin of replication 

.0 (hi) Construction of Plasmid DND30 

Plasmid pNEWAVETE was digested with Ndel and Xbat and the insert was purified by 
sedimentation on a sucrose gradient The purified insert was ligated into plasmid pCJR29 (approx 
1 2.4 kbp) which had been digested with Ndel and Xbal. and the vector purified by sedimentation 
on a sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies 

15 were checked for their plasmid content. The desired plasmid pND30 was identified by its 
restriction pattern 
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ExamnlP ^r. - ^n^,^ of n , aamirt ^ |p?g 

Plasmid pM06 (Figure 8) was first constructed in several steps 
0) Constriction rrf r i^ mjTl nMrM 

The approximate* , 3 kbp ONA segmen, c. ,he eryA, gene of s er^raea extending , rom 
s ,946 ,o nuc.eo.ide 3273 o. eryA, ,Donad,o. S e, a, , Sconce (,99„ 252. 675-679, 

was amp,i,,ed by PGR enjoying as primers syn.ne.ic oiigonudeo.ides 5' -cat GCT CGA gct 
CTC CTG GGA AGT-3' and S'-CAA CCC T03 CCA GOG AAG ACG AAG ACQ W. and plasmid 
PNTEP2 asatemptate. The PCR product was end-repaired and „ g a,eb with p,asm« 0U C18 which 
had bear, hneansed by diges„on „„h Sma, and men .reared «, a.kaiine pnosDtlatase The 
Hga„on mixture was used <o transform e co,i tg, recO and ,nd,v,dua, colonies were checked ,or 
-heir plasmid content The desired p,asm,d pMO, ,3.9 .bp,. In wh.cn , he Slu, s „e bordering ,be 
Inser, ,s adjacent ,o .he H,nd„, site in ,be po,y„nke, was ,den„„ed by „s res™™ pattern. 
W Construction of nlasmiH pn/too 

The approximately 0.65 kbp ONA segmen, p. .he rapA gene o. S«,ep«omyces hygrpscop, 
extending ,rom nuc,eo,ide .643 .» nucleotide 2466 * rapA. was amoved by PCR empioying 
primers ,he Mowing oligpnuc,eo,,des: 5 -TTC CCT GGC CAG GGG TCG CAG CGTG-3' and 5-CAC 
CTA GGA CCG CGG ACC ACT CGA C-3'. and the DNA ,rom ,He recombinant bacteriophage 
(Schwecke. T. e, a,.. Proc. Natl. Acad. Sc, USA ,,995) 92.7839-7643, as .he template PCR 
Ptoduc, was end.repa.red and .gated wi,h p,asm,d pUC.e. „h,ch had been lineansed by dig=s,ion 
w,th Sma, and ,hen treated w* a,ka„ne phosphatese The .igation mixture was used ,p .ranstorm 
E. con TG. recO and indivk.ua, cp,onies were checked tor ,he,r piasmid con,en.. The desired 
Plasmid P M02 (3.5 kbp, was identified by ,.s restriction pattern 
Construction of pl^m\H piwirya 

The approbate* , 7 kbp DNA segmen, o. ,he eryA, gene o. s erythraea e*tend„g ,rpm 
nuc,eo,ide 4 ,2S ,o nuc,eo„de S926 o, eryA,. was amp„„ed by PCR employing as pr , m ers ,he 
synthe.c oligonuc,ep,ides: 5 -TGG CCA GOG AGT CGG TGC ACC TAG GCA-3' and 5-GCC GAC 
AGC GAG TCC ACG CCG AGT T*. and plasmid pNT E P2 as ,emp,a,e. The PCR produc, was end- 
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repaired and ligated with plasm.d P UC1 8. which had been linearised by digestion with Smal and 
then treated with alkaline phosphatase. The ligation mixture was used to transform E. coli TG1 
recO and individual colonies were checked tor their plasmid content. The desired plasmid pM03 
(4.4 kbp). in which Ball and Avrll sites are adjacent to the H.ndll! site of the polylinker, was identified 

5 by its restriction pattern. 

(iv\ Construction o f nlasmid pMQ4 
Plasmid P M01 was digested with Hindlll and Ball and the 1.3 kbp insert was ligated with plasmid 
pM03 which had been digested with Hindlll and Ball. The ligation nmxture was used to transform E. 
coli TG i recO and individual colonies were checked for their plasm.d content. The desired plasm.d 

10 pM04 (5 6 kbp) was identified by its restriction pattern, 
(v) Construction of plasmid pMQ5 
Plasmid P M04 was digested with Stul and the 3.0 kbp insert was ligated with plasmid pNTEP2 
which had been digested with Stul and purified by gel electrophores.s to remove the 3.8 kbp 
insert. The ligation m.xture was transformed into E.coii TG1 recO and individual colonies were 

15 checked lor their plasmid content. The plasmid pMOS (12.8 kbp) was identified by its restriction 
pattern. 

ivi) Construction o f plasmid pMQ6 
Plasmid P M02 was digested with Ball and Avrll and the insert was ligated with plasmid pMOS which 
had been digested with Ball and Avrll. The ligation mixture was used to transform E.coii TG1 recO 

20 and individual colonies were checked for their plasmid content The desired plasmid pM06 (13.5 
kbp) was identified by its restriction pattern 

(vii) Construction of plasm id dCJR26 
Plasmid pCJR26 is an SCP2" based plasmid containing a PKS gene comprising the ery loading 
module, the f.rst and second extension modules of the ery PKS and the ery chain-terminating 

25 thioesterase. except that the DNA segment encoding the methylmalonyl-CoA:ACP 

acyltransferase within the first extension module has been specifically substituted by the DNA 
encod.no the malonvl-CoA ACP acyltransferase of module 2 of the rap PKS It was constructed as 
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.c«ow s(R9ure9)plasm , dDM06wasa , gesteawihNdeUn(ixcaianaihemsert ^ 

«-» pCXt R26 was used ,0 transtorm s erytnraea JC2 protop|asis rh|osuepton 
resistant colonies were selected 0 „ R2T2Q ^ ^ ^ ^ ^ ^ 

were tested tot the presence o, pC JR2 e integrated ,„,o the chromosome by Soulhern 6|0 , 
hyondisahon of their genomic DNA w„h DiG-labelled 0EBS1-TE gene. 

A Cone w„h an integrated copy o< „C JB26 „ as gro w„ , n SSM ^ g 
o- -ostrepton and allowed to grow tor seven days a, 2 s-30^ Me, this time the hroth was tiltered 
.o remove mvoetta and ,h. pH wasadjusted to P H 3 The Oroth was exacted twice w„h two 
volumes c ethy, acetate and the comhmed e , hyl acelate extrac|s _ ^ ^ ^ ^ 
volume ot saturated sodium colors, dried over anhydrous sodium suttate. and the etnyi acetate 
was removed under reduced pressure, to g,ve ahou, 500 mg o, crude product The products were 
Shown to he ,2S. 3H. 5 R) - 2 .me,h y ,.3.5-d,nydroxy-n.hexano,o acd lactone and «& W 5R,. 2 - 
methyl-3,5-dihydroxy.n-heptanoic acid f, -lactone 



OH 




OH 
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Eg ^P^-^^P^JR26 and its use in produc tion Q f 14 _ 

mem bered manrnh H^g 
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Approximately 5 mg pCJR49 DIMA was used to transform S erythraea NRRL2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From severai 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 of EryAl to give a novel macrolide biosynthetic pathway. 

5 Further integrations had occurred to give repeated plasmid sequences. S erythraea NRRL 2338 
/pCJR49 was inoculated into trypttc soy broth containing 5mg/m( thiostrepton and incubated at 
30°C for three days. 1 00 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5mg/ mL thiostrepton in 5 x 2 L flasks each containing SOOmL medium 
with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth the 

(i cultures were centnfuged and the pH of the supernatant adjusted to pH 9 The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation Products were analysed by HPLC/MS and two macrolides were identified as the 
erythromycin analogues 



Example if - Constr uction of pla smid dC-ATX 

Plasmid pC-ATX is an SCP2* based plasmid containing a PKS gene comprising the ery 
loading module, the first and second extension modules of the ery PKS and the erv chain- 
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-n.^ „oes,e,ase. e„cep, ma , , he DNA segmen , encM ,„ g ^ ^ 

~ *" a — - spec„,c ally s UB s„, ulM 0y , e DNA 

enco^ ,n e m , 0 „ vl .c 0A ACP acy „ r ans,e ra se )rom a p u ,a,„e *pe , PKS 9ene ^ ^ 
>™ S,rep, omV ce s *n a _s ATCC ,45,3 (pronuce, o, ,„e po.yeme, 

* ™„e„s,„, »wasco„s,ruc,a a v^ve,a„„,e, TO p i a,ap,as« sa s,p ll p»„ s(Rgufe 10) 

(0 Isolation nf ^m irf dSCINdp 

Genom !C (.brary of Streptomyces dnnamonensis ATCC 14513 (,he mon.n. 

^ iho i j (me monensin producer) was 

Ba.HM.eanse. ana alRallne phosp , a , ase . ^ ^ ^ ^ ^ ^ ^ 
was pac kagM , nlo ,. panicles us , ng Qgapack packag|ng _ acts aw (rans(ec|M ^ b ^ 
«M.-». App rox , mate(y 600 colo „, es c , , he ^ _ gmwn ^ ^ of ^ ^ 
m en»ane, „s M ana their ONA wasc,oss„„ k e a ,„ „ e me ™ rane Dy uv „ aafa „ on The 
~a was s ub se qu en„ y usea *, ,e sc,een,„ g pra The „, pM03 
.he *e,os y n,nase aoma ,n , rom moaule 2 c( Dees „ as |aCe „ ed by ^ ^ ^ ^ 
- -P "ATP an. use, as a p, abe ,cr DNA n yW , sat , on The pr06e _ ^ ^ ^ ^ 

« < 0,SSC Pu«e, ana suPse.uen,,, wasne. o« )m ,„ a, as^ „ 0 a.SSC b u„e, T h ,ee pos,„ve 
Cones were ,so, atea . DNA o, „ ,nse ns o, a„ ,n re e Cones was eno se™ , rom T3 an. T 7 
P-™, s„es p,esen, ,n »e veco, pWE,5 A regia „ tomologous 1o Vpe , ^ 
™,on y ,CoA:ACP a^ans.e.ase aam a,„s was in ,ne DNA se gU ence trom , he T 7 

P™*. s ,e us,n g cone 2 ( „ amea pSC,N0 2) as a ,e m p, a ,e Parta , DNA sequendng p( „ ma|onyi 
COAACP aamai „ (namaa ATX) „ an unusua , sequenpe ^ ^ ^ 

Pu.a»ve sups, ra ,e ,eco g „, to „ pa. * the aoma ,n ^ was substamially diBeren( 
d e^ ea ma ,o„a,e- . m e,n y , mataate .s D ec,„c ^A ACP .ceases ( H aya oc k S P e, a, 

FEBS (1995) 374 246-248) 

(ii)Constructinn nt plasmiri pMr^a 
THe a pp ro „ malely kpp DNA seon^en, o, ,ne ATX o oma ,n was ^ by PCR as 
Pn m e reIh e ,o„p„, ng o„ g on 0 ceo„ a es 5' -CTG GCC AGG GCG CGC AAT GGC CGA GCA T-3' an d 
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5'-CCC TAG GAG TCG CCG GCA GTC CAG CGC GGCGCC C-3' using the DNA from the cosmid 
pSClN02 as the template. The PCR product was end-repaired and ligated wrth plasmid pUC18. 
which had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
ligation mixture was used to transform E coli TGI recO and individual colonies were checked for 
5 their plasmid content The desired plasmid pM038 (3 5 kbp) was identified by its restriction 
pattern 

(iii) Construction of plasmid DMQ34 
Plasmid pM034 is a derivative of pM06 with a polycioning site inserted after the stop codon of the 
inserted D1 -AT2 gene. Plasmid pM06 was digested with EcoRI and Hindlll and annealed with two 
10 oligonucleotides forming the double-stranded region of the polycioning site - 5'-AAT TCA TAA 
CTA GTA GGA GGT CTG GCC ATC TAG A-3' and 5 -TCG AAG ATC TAC CGG TCT GG A GGA TG A 
TCA ATA C-3' • The mixture was ligated and transformea into E. coli TGI recO Individual colonies 
were checked for their plasmid content. The desired plasmid pM034 (13.5 kbp) was identified by 
its restriction pattern. 

15 (iv) Construction of plasmid pMQ35 

Plasmid pM035 is a derivative of pM034 containing TKLS-AT2 gene and a translationally coupled 
crotonyl-CoA-reductase gene from Streptomyces collinus (Wallace et aL E. J. Biochem. (1995) 
233: 954-962). The crotonyl-CoA-reductase gene was excised from the plasmid pZYB3 (the gift of 
Prof. K. Reynolds) as an Ndel - BamHf fragment, which was treated with mung bean nuclease to 

20 produce blunt ends and ligated into pM034 previously cut with Spel and likewise blunt-ended 
using mung bean nuclease The ligation mixture was used to transform E coli TG 1 recO and 
individual colonies were checked for their plasmid content The desired plasmid pM035(14 .2 
kbp). with the correct orientation of the crotonyl-Ce^ L etoreductase gene, was identified by its 
restriction pattern. 

25 (v) Construction of plasmid pMQ36 

Plasmid pM038 was digested with Bail and Avrll ano 'f ^ insert was ligated with plasmid pM03 5 
which had been diaested with Ball and Avrll The liaat:on mixture was used to transform F mli TG1 
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recO and ind.vidual colon.es were checked ton their plasmid content. The des.red plasmid pM036 
(13 5 kbp) was identified by its restriction pattern, 
(vi) Constructio n pj plasmid nr.ATV 

Pla S m,d P M036 was digested with Ndel and Xbal and the insert was ligated with plasmid pCJR29. 
which had been digested with Ndel and Xbal and purified by gel electrophones. The ligation 
mixture was transformed into E.cofi TG1 recO and dividual colonies were checked for their 
Plasmid content. The des,red plasmid P C-ATX was identified by rts restr-ction pattern 

Barn pieiq.Cp nHtn.rt ipnof S erythraea ^P/qC -AT X ,n d nmd.irt.nn »f ™ ^... n!nT . 

Plasm,d pC-ATX was used to transform S.erythraea JC2 protoplasts. Thiostrepton 
res, S tant colon.es were selected on R2T20 med.um conta.ning 10 „g/m. of thiostrepton. Several 
Cones were tested for presence of pC-ATX integrated ,nto the chromosome by Southern blot 
hybr.disat.on of the.r genom.c DNA with DlG-labelled ONA encod.ng the DEBS1-TE gene. 

A clone with an integrated copy of pC-ATX was grown ,n SSM medium, conta.ning 5„g/m. 
of thiostrepton. and allowed to grow for seven days at 28-30<C. After th,s time the broth was 
filtered to remove mycelia and the pH adjusted to pH 3. The broth was extracted twice with two 
volumes of ethy. acetate and the combined ethyl acetate extracts were washed with an equal 
volume of saturated sod.um chloride, dried over anhydrous sod.um sulfate, and the ethyl acetate 
was removed under reduced pressure, to give about 500 mg of crude product. The products were 
characterised by gas chromatography, mass spectrometry and NMR, and were shown to be (2S. 
3R. 4S. 5R)-2-methyl-4-ethyl-3.5-dihydroxy-n-hexano.c ac.d lactone and (2S. 3R. 4S. 5R)-2- 
methyl-4-ethyl-3.5-dihydroxy-n-heptanoic acid h-lacton- 
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Example in - Construction of S ervthraea NRRL 2338/pC-ATX and its use in prod uction of 14- 
membered macrolides 

Approximately 5mg pC-ATX DNA was used to transform S erythraea NRRL 2338 

5 protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
piasmid has integrated in module 2 of EryAi to give a novel macrolide biosyntnetic pathway. 
Further integrations had occurred to give repeated plasmid sequences S erythraea NRRL 2338 
/pC-ATX was inoculated into tryptic soy broth containing 5 mg/mL thiostrepton and incubated at 

it) 30°C for three days. 1 00 mL of this seed culture was used to inoculate 2 L of sucrose succinate 

defined medium containing 5 mg/mL thiostrepton in 5 x 2 L flasks each containing 500 mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm After a further 5 days of growth the 
cultures were centnfuged and the pH of the supernatant adjusted to pH 9 The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 

15 evaporation. Products were analysed by HPLC-MS and two macrolide products were identified 
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Example 1i • Constiyr-tirm Qf nlasmirl p r.ATto 

Plasmid PC-AT12 is an SCP2* based p,asm,d containing a PKS gene comprising the ery 
loading module, the first and second extension modules of the ery PKS and the ery chain- 
5 term.nat.ng thioesterase. except that the DNA segment encoding the methylma.onyl-CoA:ACP 
acyltransferase within the second extension modu.e has been specifically substituted by the DNA 
encoding the malony,-CoA:ACP acyltransferase of modu.e 2 of the rap PKS. It was constructed vi, 
several intermediate plasmids as follows (Figure 1 1 ) 
(0 Construction »f piasmiri p Mnpt; 

•0 The approximately 1.0 kbp DNA segment of the eryA, gene o, S erythraea extend.ng from 

nucleotide 6696 to nucleotide 7707 of eryA, (Donad.o S et a! . Scence (1991) 252. 675-679) 
was amplified by PGR employing as primers synthetic o/igonucleot.des. S'-GGCGGGTCCGGA 
GGTGTTCACCGAGTT-3' and 5' -ACCTTG GCC AGG GAA GAC GAA CAC TGA-3'. and plasmid 
PNTEP2 as atemp,ate. The PGR product was end-repa,red and ..gated with plasmid P UC18. which 
15 had been .ineansed by digestion with Sma. and then treated w.th a.ka.ine phosphatase. The 
l-gation mixture was used to transform E.co.i TGtrecO and ,nd.v,dua. co.onies were checked for 
the,r p.asmid content. The desired plasmid pM025 (3 6 kbp). ,n wh,ch the Stu. site bordering the 
insert is adjacent to the Hindlll site in the po.y.inker, was identified by ,ts restricts pattern 
('0 Constructio n of plasmid piwtn?g 

20 The approximates 0.6 kbp DNA segment of the eryA. gene of S. erythraea extending from 
nucleotide 8660 to nuc.eot.de 9258 of eryA,, was amp.ified by PGR emptying as pnmers the 
synthetic o.igonuc.eotides. 5-TCCTAG GCC GGG CCG GAC TGG TCG ACCTGC CGG GTT-3' and 
5 - -AAACACCGCGACCTGGTCCTCCGAGC-3', and plasmid pNTEP2 as template. The PGR 
product was end-repa.red and ligated with p.asmid P UC18. wh,ch had been linearised by digestion 

25 w,th Sma, and then treated with alkaline phosphatase The ..gat-on mixture was used to transform 
E. coli TG 1 recO and individua. co.onies were checked for the,r p,asm,d content The desired 
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plasmid pM026(3.2 kbp). in which the Avrll site is adjacent to the Hindlll site of the polylinker. was 

identified by its restriction pattern. 

(iii) Construction of plasmid dMQ27 

Plasmid pM025 was digested with EcoRI and Ball and the 1 .0 kbp insert was ligated with plasmid 
5 pM02 which had been digested with EcoRI and Ball. The ligation mixture was used to transform E. 

coli TGtrecO and ind.vidual colonies were checked for their plasmid content. The desired plasmid 

pM027 (4 4 kbp) was identified by its restriction pattern 
fiv) Construction of plasmid dMQ32 

Plasmid pM026 was digested with Avrll and Hindlll and the 0.6 kbp insert was ligated with plasmid 
K) pM027 which had been digested with Avrll and Hindlll. The ligation mixture was used to transform 

E. coli TG1 recO and individual colonies were checked for their plasmid content The desired 

plasmid pM032 (5 1 kbp) was identified by its restriction pattern, 
(v^ Construction of plasmi d PMQ33 

Plasmid pM032 was digested with BspEI and SexAl and the 2.7 kbp insert was ligated with plasmid 
15 pNTEP2 which had been digested with the same two enzymes and purified by gel electrophoresis 

to remove the 2.8 kbp insert. The ligation mixture was transformed into E.coli TG1 recO and 

ind.vidual colonies were checked tor their plasmid content. The plasmid pM033 (12 8 kbp) was 

identified by its restriction pattern 

(vft Construction of plasmid OC-AT12 
20 Plasmid pM033 was digested with Ndel and Xbal and the insert was ligated with plasmid pCJR29. 
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed into E.coli TG 1 recO and individual colonies were checked for their plasmid 
content The desired plasmid pC-AT1 2 was identified by its restriction pattern 

25 Example 1i - Construction of S arvthraea JC2/ nC -A T12 a nd production of TKL derivatives 
Plasmid pC-AT12 was used to transform S.erythraea JC2 protoplasts Thiostrepton 
resistant colonies were selected on R2T20 medium containing 10 pglm\ of thiostrepton. Several 
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A cone w„ h an , nleg , aled copy p , pC . AT , 2 _ ^ ^ ^ ^ 

-~ una e freauced „, ogiveaboul500mgo(cruaecroauci 
m«hy,-3.5.d,hy< iro xy- n . h so,ano,c ac« „ .lacone 





E xample ik -Cnnsmqi nno f S w wn,..,. nam -v,^ „ 

Approximate* s ra pCAT, 2 DNA was usee, ,o ,rans,o™ s ery«,raea nrrl 2336 
Pro,o P ,as,s ,c give a s „a,n in „H, ch ,„e p,^ „ inte9rated (nlo me ^ ^ 

co to n,es. .ca, OKA „ as oblained ana analysM py ^ ^ ^ ^ ^ 

P'asm,, nas in.e.ra.e. 3- o, m oPu,e 2 c, E^A, , 0 g ,ve a novo, m ac roM e Oiosyn,^ oa,*„a y 

^"^^o^.^^,^,^^ s efyinraea mrri_ 2333 
*c-at, 2 „ as , noculatM into lryMc ^ brom coma|njno s mg/mL ^ ^ ^ 

MM n,eo, um CO n,a,n,„ g 5 , g/mL lhlostrep , on „ Sx2L ^ 
n-un, «n a spnnos ,p « ^ ana shaken „ 300 rpm ^ . ^ s ^ ^ ^ 
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the cultures were centrifuged and the pH of the supernatant adjusted to pH 9 The supernatant 
was then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC-MS and two macrolide products were identified. 




Example 11 - Construction of plasmid pCJR49 
10 pCJR49 is a pCJR24-based plasmid containing a mutant DEBS1-TE gene which has no 

ketoreductase in module 2. and the AT domain in module 2 has been replaced by RAPS AT2 in 
order to incorporate a malonyl extender instead of a methylmalonyl extender in the second module 
(Figure 12). 

pM032 was digested with BspEI and SexAl and the fragment containing the AT from RAP 
15 module 2 was cloned into pUCl-0 which had been previously digested with BspE I and SexA I, to 
yield the plasmid pCJR43 

pCJR43 was digested with Ndel and Xbal and the fragment containing the mutant DEBS 1 - 
TE gene was cloned into pCJR24 which had previously been digested with Ndel and Xbal. to yield 
plasmid pCJR49. pCJR49 was confirmed by restriction enzyme mapping. 

20 

Example 1 m - Construction of S ervthraea JC2/pCJR49 and production of TKL derivatives 
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Approximately 5 M g pCJR49 DNA was used to transform S erythraea JC2 protoplasts to 
give a strain in which the plasmid is integrated into the chromosome From several colonies total 
DNA is obtained and analysed by Southern hybridisation to confirm that the plasmid has integrated 
into the eryTE. S. erylhraea JC2/pCJR49 is inoculated into tryptic soy broth containing Sjig /mL 
thiostrepton and incubated at 30°C for three days 100 mL of this seed culture was used to 
inoculate 2 L of sucrose succinate defined medium containing s^g /mL thiostrepton in 5 x 2 L 
flasks each containing 500 mL medium with 2 springs to aid dispersion and shaken at 300 rpm. • 
After a further 5 days of growth the cultures were centrifuged and the pH of the supernatant was 
adjusted to pH 3 The supernatant was then extracted three times with an equal volume of ethyl 
acetate and the solvent removed by evaporation Products were dissolved in methanol and 
analysed by GCMS on a Finnegan-MAT GCQ System This analysis indicated that by comparison 
to synthetic standards two new lactones were present These products were (4S.5R)-4-methyl-3- 
keto-5-hydroxyhexanoic acid ft lactone and (4S.5R)-4-me1hyl-3-keto-5-hydroxyheptanoic acid * 
lactone 



O 





Example I n - Cons truction of S. erythraea NRRL 2338/DCJR49 and its use for production of 14- 
membered macroliries 

5fig pCJR49 DNA was used to transform S erythraea NRRL 2338 protoplasts to give a 
strain in which the plasmid is integrated into the chromosome From several colonies total DNA is 
obtained and analysed by Southern hybridisation to confirm that the plasmid has integrated in 
module 2 of EryAI to give a novel macrolide biosynthetic pathway Further integrations had 
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occurred to give repeated plasmid sequences. S erythraea /pCJR49 is inoculated into tryptic soy 
broth containing Sua /mL thiostrepton and incubated at 30°C for three days 100 ml_ of this seed 
culture was used to inoculate 2 L of sucrose succinate defined medium containing 5/ig/mL 
thiostrepton in 5x 2 L flasks each containing 500mL medium with 2 springs to aid dispersion and 
5 shaken at 300 rpm After a further 5 days of growth the cultures were centrifuged and the pH of 
the supernatant adjusted to pH 9 The supernatant was then extracted three times with and equal 
volume of ethyl acetate and the solvent removed by evaporation Products were analysed by 
HPLC-MS and two macrolides were identified: 




FxamnlP 7 ■ Construction of fi grvthraea E H Mm Carrying a Hybrid PKS Gene .n which the aw 
15 Loading Didoma.n is Substit u te for the erv I oadinq Didomain of S. erythraea NRRL 2338 
m Construction of plasmid oAVLD 
Plasmid pCRabc (Example 1 ) was linearised with BamHl and figated to plJ702 previously digested 
w.th Bglll The mixture contained the desired plasmid pAVLD (Figure 5). The l.gat.on mixture was 
transformed into E.coli TG1 recO and indiv.dual colonies were checked for their plasmid content. 
20 The desired plasmid pAVLD was identified by its restriction pattern (Figure 5) 
(^ Construction of S ervthre a ERMD1 
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Approximately 5-10 (t g of pAVLD. isolated from E. coli TGlrecO(pAVLD) was transformed ,nto S. 
erythraea NRRL2338 and stable thiostrepton resistant colonies were isolated. One of these 
co.on.es was selected and total DMA was digested with Pstl and analysed by Southern 
hybridisation employing as a probe the insert from plasmid P CR C which contains the fragment of 
the ery Al gene encoding the ketosynthase domain KS1. The analysis showed 
positiveiy-hybridizing Pst. fragments of 8 5 kbp. 4.8 kbp and 33 kbp. indicating the presence of 
two tandemly integrated copies of pAVLD (Figure 6) 

Example 3 - Preparation of isppropy. a nd ser-Ri rr yl Eryth r o mycins . irtnn S ervthr,., pann, 

A 50 mL fermentation of S. erythraea ERMD1 was earned out on tap water med.um and 
after 4 days at 30<C the mycelium was harvested and used to inoculate 1.5 L of sucrose-succinate 
medium containing thiostrepton (50/vg/mL). After growth at 30«C for 4 days, the whole broth was 
extracted twice with an equal volume of ethyl acetate. 

The combined extracts were concentrated under reduced pressure and subjected twice to 
IS preparative thin layer chromatography on silica plates (20 x 20cm) eluted with 

chloroform/methanol/88 ammonia 8:2:0 01 (by vol). The products were further separated by 
HPLC on a PhaseSep CIS base-deactivated reversed-phase column S5 ODS (octadecy.silane) 6 
(4.6mm x 25 cm), eluted with methanol/0.5% ammonium acetate (70.30 (vol/Vol)), at 1 mLVmin 
Fractions were collected between 7 and 1 1 minutes from three separate injections, and the pooled 
20 fract,ons were re-injected in ten separate injections. The analogues containing an isopropyl side 
chain (isopropyl at R, of formula ±) derived from the incorporation of a 4-carbon (C-4; isobutyry.) 
starter unit eluted earlier, with the analogues containing a sec-butyl side chain (sec-butyl at R, of 
formula I ) derived from the incorporation of a 5-carbon (C-5; 2-methybutyryl) starter unit emerging 
several minutes later High resolution MS gave results for C-4 eryA. eryB and eryD analogues, and 
25 for C-5 eryA and eryB analogues, wh.ch correspond closely to those calculated: 
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Analogue Hale d Mass Measured Mass 
C5-eryA 762.5004 762 5021 

C4"-eryA 748 4847 748 4820 

C5-eryB 746 4898 748 5077 

C4-eryB 732 4898 732 4933 



in these experiments natural erythromycins were present only in low or undetectable 
amounts, and there were no detectable amounts of eryC analogues. The overall concentration 
ratio of C-4/C-5 compounds m the fermentation broth, as assessed by ESMS of ethyl acetate 
extracts of broths, was between 4 1 and 6 1 m favour of C-4 compounds. The ratio of A:B:D 
analogues is variable, about 15:60.25. but with an increasing proportion of A analogues as the 
fermentation proceeds. The total yield of erythromycins is about 400 ,ig/litre. No supplementation 
with either isobutyric or 2-methylbutync acid was performed. Thus, it would appear that the 
isobutyryl and 2-methylbutyryl starter units are derived from endogenously supplied precursors, 
analogous to the synthesis of natural avermect.ns (e.g.. Hafner et al. (1991). J. Antibiot.. 44:349- 
356). 

Example 4a - Construction of S erv thraea NRRL 2338/plQ1 

Approximately 5 pg of plasm.d P IG1 was transformed into protoplasts of S. erythraea NRRL 
2338 and stable thiostrepton resistant colonies are isolated. From several such colonies, total 
DNA was obtained and analysed by Southern hybridisation, to confirm that the piasmid had 
integrated specifically .nto eryAI. and Southern ana.ysis also showed that the site of integration was 
appropriate to generate a mutant capable of producing altered macrolides via the ave loading 
module. 

Example 4b - Constructio n nf .9 Prvthraea NRRL ::T}«i2KQ2Q 
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Approxima^ 5 „ o, p^smid pND30 was .ranged ,n,a „ ro ,ap,as,s « s ery,n,aea 
NBRL 2333 an. s.aP,e W os,rep,o„ res,s,an, cccn.ea are .soia.ed From ^ such 
«- DNA was o bt a,ned ana ana, y sed > y Sou^n ,o con,,™ , ha , ,ne p^d nad 

,n.e grat ed specif ,n,o w . ana Sou , hefn ana|ys , s ^ ^ ^ ^ ^ ^ ^ 
appropnate B generate . mutan , caoaWe of crMunng aiiwea macroMes v ^ ^ ^ 



s broth 



N)RRL3^P/pipi 

S eryrnraea NRHL 23 38,p,G, was ,noc U ,a,ed ,„ to tap „ ater mMlum ^ 

-o sea, 500 mL p, sucrose™* med, um „ g so „ , mL , hlostrept0 „. ,„ a 2L „ ask ^ 
a »n g ,e spr,n g ,o reduce shaken „ 280 ^ ^ ^ 3 ^ g ^ ^ 

.5 acetare. The con*** em yl acata.e e*,ra*s were ana, over a„ hy d,cus ^ ^ and 
so,van, _ 0y ev „ Ana|ysis o , ^ product mMure us ng qc ^ ^ 

~ *a, a, a , OIal „ 5 , mg , of 14 . m _ ^ ^ ^ ^ ^ 
sao.bu^ nromyoin 0 (abou , , s mg/L) ^ oWer ^^^^ ^ ^ 

8 - ~'-~ y „n A; ^prop^romvcns A. Sand D and 
.0 sma,, an.oun.so.na.ura^rorn.c.ns a. Band D. s er^aea NRRL23 3a,p,C, produced 

app,o*, ma ,e, y ,0. 5 „ mas more o, ,*e novo, ,soprop y , an „ sec . bulvl . efyIhromyclns , o 

- eouivaen, s. a^aaa ERMD1 Cue, (see ExamBe „ c|9ar , y aem _ g ^ 

- - «, pron,o,er ana „ C09na , e acliva , o[ gene ^ b mnance ^ ^ ^ ( 

PKS s A 9 a,n. no su P p,en,en,a fo n w„n a„na, ^ c ac ,d was perked 

- rnus. „ „ou,d appear ,na, ,ne isoOu.^ and ,,„ w u „„ s a , e aerlved |rom 

endogenously supplied precursors 
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r .. nmrh c „ . p ^-mn m 13-lsonroovl aisU agr Pirt Yl Frylhromynns Using S. erythraea 
MBR^ ?338/oNP30 

S. erythraea NRRL 2338/pND30 was inoculated into tap water medium containing 50 
5 „g/mL thiostrepton and allowed to grow for four days at 30<C. After this. 20 mL of the mycel.um 
was used to seed 500 mL of sucrose-succnate medium containing 50 ,g /mL th.ostrepton, in a 2L 
flask with a single spring to reduce clumping, shaken at 280 rpm After between 3.5 and 6 days, 
the broth was filtered to remove mycetia and then extracted three times with a quarter volume of 
ethyl acetate. The combined ethyl acetate extracts were dried over anhydrous sodium su.phate 
,0 and solvent removed by evaporator,. Analysis of the product mixture using GC and e.ectrospray 
MS revealed that of a total of 5-6 mg/L of 14-membered macro.ide products, the major component 
was sec-butyl^rythromycin D (about 1 .5 mg/L). with other components present being 
sec-butyl-erythromycin B and sec-butyl-erythromycn A: isopropyl-erythromycins A. B and D: and 
small amounts of natura. erythromycins A. B and D. S. erythraea NRRL 2338/pND30 produced 
15 approximately 10-15 times more of the novel isopropyl- and sec-butyl-erythromycins compared to 
the eo.uiva.ent S. erytnraea ERMD1 construct (see Example 2) clearly demonstrating the capability 
of the act. promoter and its cognate activator gene actH-orM to enhance the expression of Type I 
PKS s. Again, no supplementation with either .sobutyric or 2-methy.butyric acid was performed 
Thus, it would appear that the isobutyryl and 2-methy.butyry. starter unrts are derived from 
20 endogenously supplied precursors. 

nnmp|r nn Pr ~ pTri ~- «, ^ ^HnnPntvl-ervthromyg in B us,nn. S er ythraea NRRL 2338 /BlGJ. 

The culture S erythraea NRRL 2338/plG 1 was inoculated into 50 mL tap water medium in a 
300 mL Erlenmeyer flask After 36 hours incubation at 28«C. this flask was used to inoculate 3.5 L 
25 of ER Y-P medium in a 5 L m,ni,ar The broth was .ncubated at 28<C with an aeration rate of 1 75 
L/m.n Cyclopentane carboxyi.c acd (1 4 mL) was added after 24 hours and the fermentation was 
continued for 168 hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous 
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sodium hydroxide and extracted with « hy , acetate ( , 0 L , T „ eemy , ^ ^ ^ 
co„c e n, r a tedraanmessgiv , ngthecruaeprodijc , asagum(42g) 0negramo(th(s ^ ( ^ 

disso.ved ,„ e,h yl acetate ,5 mL, and added ,„ a prepack sitica gei cartrage „0 g: Internationa, 
Sorben, Technology, p reW us, y conditioned with amy, acetate (lOmy Thecolumn was 
seouentiaily eluted with ethyl acetate (4 x .0 mL): d,ch to rome,hane:methano, „ :„ (2 x , 0 mL) . 
O'chioromethanemethano, ammonia ,90:9,, ( , , , 0mL1: dicmorometnane^anotammonia 
W:.9:1, „ , ,0 m L ): methano, , 2 x ,0 mL, r rac ,,ons 7 _, 0 were 00mblnM ^ ^ 
o^ness This tracaonation was repeated an the remaining 3 2 g o, gum . This en , icnmen , step 
V— ca. 9 2 0 m g o, a gumm y 3o„d contains the desired product. Th,s was tunher P uri„ed by 
preparative reversed-phase HPLC using a Zorbax 7 | ( m OOS column (21. 2 mm x 2 5 cm) using a 
mobr.e phase o, ™,,e:0.0S M ammon,uma=e,a,e,7 3,a,SmL,„,,„ Actions. con,a,n,n 9 the 
Product „, interest, trom tour separate ,n,ect,ohs were combined and evaporated to dryness 
b-« repeat preparative reversed-phase HPLC usin g a 8ec k man 5 ,.m Uitrasphere ODS co,um„ 
( '0 mm x 25cm, using a mobile phase gradient o, ace.o„„r„e:0 05 M ammonium acetate (28 7 2 , to 
ace,oni,r„e:O 05 M ammonium acetate ,50:50, over ,e minutes (tiow rate 4 mu*n, Fractions 
containing the product o, interest, trom tive separate injections were combined and evaporated to 
dryness to give a pure „h„e solid ,7 m g) . The structure ot the product was contirmed by 
spectrometry (MS) and nudear magnetic resonance (NMP.) specmoscopy as toilows: 
HPLC retention time - Method A - 26.0 minutes 

APCI-MS - (M + H) + observed at rn/e 758. requ.red for C^HtsNCm 2 - 758 



' mass 
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NMR data: 

Atom number 13 C chemical shift, from ,n C NMR spectrum 1 H chemical shift and multiplicity 



1 176 0 

2 45 0 2 89 1H dq J = 9.4. 7 1 

3 80 4 4 *0 2 1H dd J = 9 4 - 1 7 

4 39.2 2.08 1H muitiplet 

5 83.8 3.59 1Hd J = 7 4 

6 75 4 

7 38.0 2.00 1Hdd J= 14.7. 10.8 

ca. 1.65 1H muttiplet 

a 45.0 2.711Hdqd J = 10.6. 6.8. 2.6 

9 ca. 220.0 

1 0 38 9" 298 1Hqd J = 6.8. 15 

! 1 ' 69.4 3.73 1Hdd J = 9.9. 1.2 

■ 1 2 38 8* 1 .71 1H muitiplet 

13 78.3 5.19 1H dd J = 10.5. 1.0 

14 41 7 2. 1 5 1 H br sextet 
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15 



16 



17 



18 



23 
24 



4' 

5* 
6* 
7\8* 
1" 



3' 
4" 
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30 4 ca. 1.69 1H multiple! 

ca. 1.21 1H multiplet 
25 4 ca 1.63 1H multiplet 

ca. 1 52 1H multiplet 
25 1 ca 1.63 1H multiplet 

ca. 1 52 1H multiplet 
29 0 ca. 1.69 1H multiplet 

ca. 1 21 1H multiplet 



19 1 5-8 1.183Hd J = 7.1 

20 

21 

22 



9 24 1 l3 3Hd J = 7,0 

27 4 1 46 3H s 



1Q 5 1 143Hd J = 6.8 

9 $ 0.993Hd J = 6.8 

9 1 6 0.86 3Hd J = 7.1 



V 1 03.2 4.43 1Hd J = 7.3 

2 70 9 3.24 1Hdd J= 10 3, 7 3 

3' 



65 4 2 51 1Hddd J = 12.0. 10.6. 4.1 

29 0 ca. 1.68 1H multiplet 

ca. 1.24 1H multiplet 
68 8 3.50 1H br sextet 

21 5 1.223Hd J = 6.1 

40 1 2.32 2x3Hs 

96 -5 4.90 IHd J = 4.6 

35 1 2.36 IHd J = 15.2 + small (<1 Hz) 

1 58 1H multiplet 

72.6 

78 0 3.02 IHd J = 9.1 
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5" 



65.6 



4.01 1H multiplet 



6" 



18.7 



1.29 3Hd J=6.3 



T 



21 .4 



1.24 3H s 



8* 



49.5 



3.31 3H s 



* - Assignments for signal with asterisks may be interchangeable 



Example 6b - Preparation of 13-cvclODentvl-ervthromvcin B using S ervt hraea NRRL 2338/PND30 
An experiment similar to example 6a. using the culture S. erythraea NRRL 2338/pND30. 
5 produces the compound exemplified in example 6a 



Example 7a - Preparation of 13-cvclobutvl-ervthromvcin B using S. ervthraea NRRL 2338/piGI 



3 x 300 mL Erlenmeyer flasks. After 72 hours incubation at 28°C. this flask was used to inoculate 
10 3 . 5 L of ER Y-P medium in 3 x 5 L minijars. The broth was incubated at 28°C with an aeration rate of 
2.0 L/min and stirring at 500 rpm. Two feeds of cyclobutane carboxyiic acid (1 .4 mL) were added 
after 24 hours and 48 hours and the fermentation was continued for 168 hours. After this time, the 
pH of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with 
ethyl acetate (20 L). The ethyl acetate extract was concentrated to dryness giving the crude 
15 product as a gum (9.2 g). A portion (2.3 g) of this extract was dissolved in ethyl acetate (12.5 mL) 
and added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) previously 
conditioned with ethyl acetate (10 mL). The column was sequentially eluted with ethyl acetate (4 x 
24 mL); dichloromethane:methanol (9:1) (1 x 24 mL): dichloromethanemethanol (8:2) (2 x24mL): 
dichloromethane:methanol:ammonia (80:19:1) (1 x 24 mL); methanol (1 x 24 mL). Fractions 6-8 
20 were combined and evaporated to dryness. This fractionation was repeated on a remaining sample 
of gum (4 7 g) This enrichment step yielded ca. 4 1 5 mg of a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 urn ODS column 
(21.2mm x 25cm) using a mobile phase of acetonrtrile.O 05 M ammonium acetate (3:1) at 8 



The culture S. erythraea NRRL 2338/plGl was inoculated into 50 mL tap water medium in 
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mL/min Fractions, containing the product of interest, from five separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
urn Ultrasphere ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitnle:0.05 M 
ammonium acetate (28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow 
5 rate 4 mL/min). Fractions, containing the product of interest, were combined and evaporated to 
dryness to give a pure white solid (27 mg) The structure of the product was confirmed by MS and 
NMR as follows: 

HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (M + H) + observed at m/e 744, required for C39H70NO1 2 - 744 



10 




NMR data: 

Atom number 13 C chemical shift, from d CNMR 'H chemical shift and multiplicity 

spectrum 

1 176.3 

2 44.5 2.87 1Hdq J = 9.1. 7.1 

3 80 4 4 03 1Hd J =9.1 

4 39.2 2.08 IHmultiplet 
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5 
6 
7 



9 

10 
1 1 
1 2 
13 
1 4 
15 

16 
17 

18 
19 
20 
21 
22 
23 

r 

2' 
3' 



83 9 
75 4 

37.7 

44 5 

219 4 
38 9 
69 1 
37 3 
77.4 
37.0 
25.2 

17.7 
24.2 



3.59 1Hd J =7.4 

1.99 IHmultiplet 

1.64 1Hdd J = 15.0, 3.0 

2.73 1H br doublet of pentets 

j = ca. 7.0. 3 0 

2.97 1H qd J =6.9. 11 
3.75 iHdd J= 10.2 + small 
1 62 1H multiplet 
5.39 1Hdd J = 9.3. 1.1 
2.60 iHbr sextet 

ca 1.97 1H muttipfet 

ca 1 82 IHmultiplet 

ca1.83 2Hmultiplet 

ca 1.93 1H multiplet 

ca 1 75 1H multiplet 



15.5 


1.17 3Hd J = 7.1 


9.3 


1.12 3tfd J = 7.5 


27.0 


1.46 3Hs 


18.0 


1.14 3Hd J = 7.1 


9.1 


0.98 3Hd J =6.9 


9 3 


0.81 3Hd J = 7.1 


103.4 


4 43 1Hd J = 7.3 


70.9 


3 27 1H dd J= 10.3. 7.3 


652 


2.64 IHmultiplet 
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5' 
6' 
7'8' 
1" 

2" 

3" 
4" 
5" 
6" 
7" 
8" 



291 ca 1 72 iHmultiplet 

ca 1.22 IHmultiplet 

68 7 3.52 iHbr sextet J = ca.6.i 

21 0 1 23 3Hd J a 6.1 

40 0 2.38 2x3Hs 

96 8 4.89 1Hd J =4.5 

34 7 2.38 IHmultiplet 

1.57 1Hdd J= 15.0. 5.0 

72.5 

77 8 3.02 1H d J = 9.2 

65 3 4.02 IHmultiplet 

18 2 1.29 3Hd J = 6.2 

21 2 1.24 3Hs 

491 3.31 3Hs 



Example 7b - Preparation nf n-gyctobutyl-ervthromvcin B nsinn S . ervthrare mr rl 233R/nMmn 
An experiment similar to example 7a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 7a 

Example 8a - Preparation of 13-f3- furanv l ) - er v th r o mvcin B nsinn s ervthrapa mbfm wa^.fii 

The culture S. erythraea NRRL 2338/plG 1 was inoculated into 50 mL tap water medium in a 
300 mL Erlenmeyer flask After 72 hours incubation at 28^. th.s flask was used to inoculate 3.5 L 
of ER Y-P medium in a 5 L minijar. The broth was incubated at 28<C with an aeration rate of 1 75 
L/min. 3-Furoic acid (1 4 g in 6 mL methanol) was added filter sterilised after 24 hours and the 
fermentation was continued for 138 hours After th.s tone, the P H of the whole broth was adjusted 
to 8 5 with aqueous sod.um hydroxide and then extracted with ethyl acetate ( 10 L) The ethyl 
acetate extract was concentrated to dryness g.ving the crude product as a gum (3.8g) A port.on 
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of this extract ( 1 9 g) was d.ssolved in ethyl acetate ( 1 0 mL) and added to a prepacked silica gel 
cartridge (10 g; International Sorbent Technology) previously conditioned with ethyl acetate (10 
mL) The column was sequentially eluted with ethyl acetate (4 x 24 mL); 
dichloromethane methanol (9:1 ) (1 x 24 mL); dichloromethane:methanol (8:2) (2 x 24 mL). 
5 dichloromethane.methano.ammonia (80:19.1) (1 x 36mL): methanol (1 x 24mL). Fractions 8 and 
9 were combined and evaporated to dryness. This fractionation was repeated on the remaining 
1 9g of gum This enrichment step yielded a solid containing the desired product This was 
further purified by preparative reversed-phase HPLC us,ng a Zorbax 7 M m ODS co.umn (21.2 mm x 
25 cm) us,ng a mobile phase of acetonitr,le:0.05 M ammonium acetate (3:1 ) at 8 mL/min Fractions. 
,o containing the product of interest, from three separate .n,ect,ons were combined and evaporated 
to dryness before repeat preparative reversed-phase HPLC us.ng a Beckman 5 M m Ultrasphere 
ODS column (10 mm x 25 cm) us.ng a mobile phase gradient of acetonitri.e 0.05 M ammon,um 
acetate (28:72) to acetonr»rile:0.05 M ammonium acetate (50:50) over 1 8 minutes (flow rate 4 
mUrnin). Fractions, containing the product of interest, from three separate in,ect,ons were 
,5 combined and evaporated to dryness to give pure i3-(3-furany.)-erythromyc.n.B as a white solid (9 
mg). The structure of the product was confirmed by mass spectrometry 
HPLC retention time - Method A - 17.0 minutes 

APCI-MS - (M + H) + observed at m/e 756, required for C39H66NO1 3 - 756 
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Nmrdata 

Atom number 

1 

2 
3 
4 
5 
6 
7 

8 
9 

10 
1 1 
12 
13 




Approximate 13 C chemical 
shift, from 'H - ,3 C correlation 
data 
174.7 

44.4 

80.3 

39.5 

83.9 

75.0 

37.8 

44.8 
219.7 
39.2 
69.5 
41 4 
69.2 



'H chemical shift and multiplicity 



2.93 1Hdq J = 8.1. 7.0 

4.14 iHd J = 8.1 

2.18 1Hm J = 7.0. 7.2 

3.61 1Hd J = 7.2 

2.07 1H dd J= 14.6, 113 

1.70 1H dd J = 14.6, not resolved 

2.78 1H br m J = 11.3, 7.0, 2.2 

3 05 1 H dq J = 6.9, not resolved 

3 95 1 H dd J = 10.0. not resolved 

i 88 IHdq J = 10.0. 7 0 

6 47 1H complex m 
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14 138.3 

15 ^4.3 



16 
17 
18 
19 
20 
21 
22 
23 

r 103.3 

2' 
3' 
4' 

5' 
6' 

7\ 8' 
1" 
2" 

3" 
4" 
5" 
6" 
7" 
8 M 



66 1 
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7.31 1H complex m J= 0 7, 1 8 



106 6 6.31 1H complex m. J = 1.8. 0.7 

142 8 739 1Ht J = 1.8 

155 1.21 3Hd J = 7.0 • 

8 7 1 16 3Hd J=70 

27 o 1.48 3H s 

18 3 1.18 3Hd J = 7.0 

8 4 1.03 3Hd J = 6.9 

8 7 0.88 3Hd J = 7 0 
4.46 iHd J = 7 4 

71 1 3.29 iHm 

65 1 2.60 1H broad m 
29 3 1 78 1Hm 

124 1Hm 

68.8 3,54 IHm 

20 7 1.24 3H d (obscured) 

40.0 2 39 2x3Hs 

96 6 4.88 1Hbrd J = 4.9 

35 2 2.39 IHm 

159 1Hdd J = 15 0.4.9 

71.7 

77 8 3.03 1H d (obscured) 



4.03 1Hdq J = 9.0. 6.1 



18 3 1.30 3Hd J = 6 1 

21 2 1 .26 3H s 

4 g -I 3.33 3HS 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID* <WO 9801571A2 I > 



WO 98/01571 



PCT/GB97/01810 



56 



' Assignments indicated with an asterisk maybe reversed 



Example 9b - Preparation of 1 3-f3- f u r a nvl)-ervthromvc.n B using S erythraea NRRi ? 33B/DNnan 

An experiment similar to example 8a. using the culture S erythraea NRRL.2338/pND30. 
produces the compound exemplified in example 8a 

Example 9a - Preparation of 13-nvrtnpronvl-i»rvth r omvcin B using S ervthraea NRRI ?33fl/p ir;i 

The culture S erythraea NRRL 2338/plGl was inoculated into 50 mL tap water medium in a 
300 mL Erlenmeyer flask. After 72 hours incubation at 28«C. this flask was used to inoculate 3.5 L 
of ERY-P medium Thiostreptone (105 mg) was added immediately after sterilisation The broth 
was incubated at 28°C with an aeration rate of 2 L/mm and stirring at 500 rpm Cyclopropane 
carboxylic acid (1.2 mL) was added after 24 hours and the fermentation was continued for 144 
hours. After this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (3 L). The ethyl acetate extract was concentrated to dryness 
giving the crude product as a gum (1 .7 g). This extract (0.85 g) was dissolved in ethyl acetate (1 0 
mL) and added to a prepacked silica gel cartridge (10 g; international Sorbent Technology) 
previously conditioned with ethyl acetate (20 mL). The column was sequentially eluted with ethyl 
acetate (4 x 24mL); dichloromethane:methanol (9.1) (1x24 mL); dichloro-methanemethanol (8:2) 
(1 x 24 mL); dichloromethane:methanol:ammonia (80:19:1) (3 x 24 mL); methanol (1 x24mL). 
Fractions 6-9 were combined and evaporated to dryness This fractionation was repeated on the 
remaining 0.85 g of gum This enrichment step yielded a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 u m ODS column 
(21 .2 mm x 25 cm) using a mobile phase of acetonitrile 0 .05 M ammonium acetate (3 1 ) at 8 
mL/min Fractions, containing the product of interest, from 4 separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
M m Ultrasphere ODS column (10mm x 25cm) using a mobile phase gradient of acetonitrile.0.05M 
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ammon.um acetate (28.72) to aceton.tri^O.OS M ammon.um acetate (50.50) over 18 m.nutes (How 
rate 4 mUmm) Fract.ons, containing the.product of interest, from three separate inactions were 
comb.ned and evaporated to dryness to g.ve pure 1 3-cydopropyl-e-ythromycin B as a white so.id 
(9 mg) The structure of the product was confirmed by mass spectrometry. 
HPLC retention time - Method A - 17.9 minutes 

APCI-MS - (M + H) + observed at m/e 730. required for C38H68NO1 2 - 730 



HO. 



V" 1 




NMRdata: 

Atom number Approximate ,3 C chemical shift, from 
'H - °C correlation data 
176.4 
44 8 
80.3 
39.5 
83.7 
75.2 
38.0 



} H chemical shift and multiplicity 



1 
2 
3 
4 
5 
6 
7 



2.88 1Hdq J = 8.5. 7.1 

4.04 1H dd J =8.5. 1.9 

2.11 1 H br pentet J = ca 7 

3.58 iHd J - 7.5 

2.02 1Hdd J = 14 7. 10 9 
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8 
9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 
20 
21 
22 

r 
2* 
3' 
4' 

5' 
6' 
7', 8* 
1 M 



45.1 
220.0 
39.0 
69.8 
40.4 
78.5 
13.2 

4 1 

2.7 

15.1 
9 3 
27.4 
18.3 
9.3 
9.3 
103.3 
71.0 
65.6 
29.0 

69.2 
20.9 
39.9 
97.1 



1.66 1H dd J = 14.7, 2.8 
2.74 1Hdqd J = 10.9. 7.1. 2.8 

3.01 iHmultiplet 
3.76 1Hdd J = 10.0. ca 1.4 
1.84 1Hdqd J= 10.0, 6.9, 1.2 
4.68 1Hdd J = 9.2. 1.2 
1.09 IHmultiplet 
0.51 IHmuftiplet 
0.42 IHmultiplet 
0.51 IHmultiplet 
0.29 IHmultiplet 
1.19 3Hd J = 7.1 
1.14 3Hd J = ca7.1 
1 46 3H s 
1.16 3Hd J = 7.1 
1.001 3Hd J = ca 7.2* 
0.998 3Hd J = ca 6.9* 
4.43 1Hd J = 7.2 
3.25 1Hdd J = 10.3. 7.2 
2.54 IHbrddd J = ca 12.5, 10.3. 4 
1.69 IHmultiplet 
1.25 IHmuftiplet 
3.51 iHbrdq J = ca 11. 6 
1.22 3Hd J = 6.2 
2.33 2x3Hs 
4.87 1H brd J = ca 5 
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5" 
6" 



35 0 2.37 1H brd J = ca. 15 

1.57 1Hdd J = 15.1. 5.0 



3" 72.5 
4" 



78 1 3.01 1Hbrd J =9.2 

gg q 4.02 1Hdq J = 9.2, 6.2 

18 3 1.28 3Hd J = ca6.2 



y 21 0 

8" 49.3 
Assignments indicated with an asterisk maybe reversed 



1.24 3Hs 
3.32 3H s 



Fvamnte 9b - Preparation of ^.cvcln prnp YUArvmrnmvnn P using S. erythrae* NRR1. 2338/pNP30 

An experiment similar to example 9a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 9a. 

Fxamnte 10a - Prpn^tinn of 1 3- d -m^hvtthin-ethvl^rvlhromvcin B using S erythraea NRRL 
233B/PIG1 

The culture S. erythraea NRRL 2338/plG1 was inoculated into 1 L tap water medium in a 
2.8 L Fernbach flask. Thiostreptone (50 mg) was added immediately after inoculation. After 84 
hours incubation at 29°C. this flask was used to inoculate 8 L of supplemented ERY-P medium (50 
g/L Dextrose. 30 g/L Nutrisoy flour. 3 g/L ammonium sulfate, 5 g/L NaCI, 6 g/L CaC0 3 , 10 g/L 
sucrose. 5 g/L corn steep solids. 0.5 g/L MgS0 4 and 1 mL/L of P2000) in a 1 4 L fermentor jar. The 
broth was incubated at 28°C with an aeration rate of SLAnin. stirring at 800 rpm and with pH 
maintained between 6.9 and 7 3 with NaOH or H ? S0 4 (15%). Methylthiolacfc acid (3.2 mL) was 
added after 24 and 48 hours Additional methylthiolact.c acid (1 6 mL) was added after 120 hours. 
The fermentation was continued for 1 42 hours. After this time, the whole broth was centrifuged to 
yield centrate (34 L) which was loaded onto a XAD-16 res.n column (600 mL; Rohm and Haas). The 
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resin column was then washed with water (1 8 L) and elated with ethyl acetate (2.5 L). The ethyl 
acetate was partially concentrated (to 250 mL) and then the product of interest was extracted ,nto 
1 00 mM sodium phosphate buffer, pH 3.5 (1.3 L) The product was transferred back ,nto ethyl 
acetate by adjusting the water to pH 9 with sodium hydroxide and then m.xing w,th ethyl acetate 
(450 mL). The erythromycin rich ethyl acetate layer was separated, evaporated to a gum (5 0 g). 
and then resuspended .nto 20% methanol (120 mL) which was loaded onto a CG-161 resin 
column (1 00 mL: Two Haas). The resin column was sequentially eluted wrth 20% methanol (3 x 
100 mL). 40% methanol (3 x 100 mL), 60% methanol (3 x 100 mL). 80% methanol (3 x 100 mL) 
and neat methanol (4 x 100 mL). The neat methanol fractions 2 and 3. containing the product of 
•merest, were evaporated to a solid (220 mg) and further purified over a reversed-phase 10 urn 
Kromas.lC.18 HPLC column (75 mm x 25 cm), us.ng a mobile phase of aceton.trile.0.05 M 
ammomum acetate with 0. 1% tnf.uoroacetic ac.d gradient (32:68, to (38:62) over 60 mmutes at a 
flow rate of 215 mL/min. Fractions containing the product of interest were combined (1.7 L). 
adjusted to P H 9 with sodium hydroxide and extracted into methylene chloride (300 mL). The 
methylene chloride layer was separated and evaporated to dryness to yield partially pure product 
The preparative HPLC step and extraction step was repeated to obtain pure 1 3-( 1 -methylthio- 
ethyO-erythromycin B (31 mg). The structure of the product was confirmed by MS and NMR 
spectroscopy (Bruker DMX 500 MHz spectrometer) as follows 
HPLC retention time - Method B - 14.9 minutes 

APCI-MS -(M+H) + observed at m/e 764. required for C38.H70NO1 2 S - 764 
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NMRdata: 

Atom ft 13 C (pprn) # Attached 'H 'H (ppm) 



1 221.08 0 

2 176.10 0 

3 103 42 1 4 49 

4 96.93 1 4 94 

5 84.31 1 363 

6 80.69 1 4 06 

7 78.30 1 307 

8 76.17 1 5.42 

9 75.75 0 

10 73.11 0 

11 71.23 1 332 

12 69.84 1 3 77 

13 69.03 1 356 

14 66.18 1 406 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 



65.99 

49.91 

45.62 

45.26 

40.61 

40.01 

39.60 

38.94 

38.44 

37.68 

35.47 

29.66 

27.70 

21.89 

21.77 

19.08 

18.92 

18.19 

16.29 

11.11 

10.16 

9.70 

9 62 



1 

3 
1 
1 

3 
1 
1 
1 

2 
1 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 



2.68 
3.36 
2.74 
2.96 
2 46 
2.83 
2.14 
3.04 
2.03/1.70 
2.44 

2.41/1.63 
179/1.32 

1.51 

1.29 

1.28 

1.33 

1 20 

1 33 

1.23 

2.12 

1.07 

1.17 
0.90 



E^nM^Wb r Preparation of 13.f1 -methylthio-et hyH- P fyth r o mvcin B us.no s grythr^ modi 
2338/nNQ3ri 



■tosijiajii: Jimu gmi'^Mfl'J 1 r > 
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An experiment similar to example 10a. us.ng the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 10a. 

Fv^ mpiP 11 - Preparation nt i^.r V rlobu * Y'->»rythrnmvcin R using S. erythraea NRRL 2338 
5 The culture S. erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 

mL Erlenmeyer flask. After 48 hours incubation at 28°C. th.s flask was used to moculate 50 mL of 
ERY-P medium in a 300 mL Erlenmeyer flask. The broth was incubated at 28«C. Cyclobutane 
carboxylic acid (20 mL) was added after 24 hours and the fermentation was continued for 168 
hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
,o then extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 
dryness The sample was red,sso.ved in methanol (1 mL) for HPLC-MS analysis. Th.s confirmed 
the production of 13-cyclobutyl-erythromyc.n B. by the untransformed. non-recombinant NRRL 
2338 as described in example 7 for the genetically-engineered strain containing the ayr loading 
module (NRRL 2338/plGl construct) 
15 HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (M + H) + observed at m/e 744. required for C39H70NO1 2 - 744 

Fyamnle 12 - Preoption of i3-cvc '" prnn V i^rvthromyrin B using S. erythrqea NRRL 2338 

The culture S erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 

20 mL Erlenmeyer flask. After 48 hours incubation at 28«C. this flask was used to inoculate 50 mL of 
ERY-P med!um in a 300 mL Erlenmeyer flask The broth was incubated at 28<C. Cyclopropane 
carboxylic acid (20 mL) was added after 24 hours and me fermentation was continued for 1 68 
hours After this time, the whole broth was ad,us«ed to pH 8 5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (50 mL). The env acetate was separated and concentrated to 

25 dryness The sample was redissolved in methane , : r.Li tor HPLC-MS analysis 
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This confirmed the production of 13-cyctopropyi-erythromycin B. by the untrans/ormed. 
non-recombinant NRRL 2338 as described in example 9 tor the genet-cally-engmeered strain 
containing the aw loading module (NRRL 2338/plGl construct) 
HPLC retention time - Method A - 17 9 minutes 
> APCI-MS - (M + H) + observed at m/e 730. required for CaeHssNO! 2 - 7 30 

E^n^1^re^rat IO n of IS-cyCohntyi-Pr^romyn n A usmn S ^, a „ 

The culture S. erythraea NRRL 2338/pld was ,nocu,ated ,nto 50 mL tap water medium ,n 
3 x 300 mL Erienmeyer flasks After 72 hours ,ncub a t,on at 28^. each flask was used to inoculate 
3.5 L of ER Y-P me dl um in 3 x 5 L m,n, ja rs. The broth was ,ncubated at 28<X: w,m an aeration rate of 
2 0 L/m,n and stirnng at 500 rpm. Two feeds of cyclobutane carboxy,,c ac.d (1 4 mL) were added 
after 24 hours and 48 hours and the fermentation was continued for 1 68 hours After th,s time, the 
PH of the whole broth was adjusted to 8 5 w,th aqueous sodium hydrox.de and then extracted with 
ethyl acetate (20 L). The ethyl extract was concentrated to dryness giving the crude product as a 
gum (9.2g). A portion (2.3 g, of this extract (2.3g) was delved .n ethyl acetate (1 2.5 mL) and 
added to a prepacked silica gel cartridge ( 10 g; International Sorbent Technology) previously 
conditioned w,th ethy, acetate (10 mL). The column was sequentially eluted with ethy, acetate (4 x 
24 mL); dichloromethane:methano. (9:1) (1 x 24 ml); d.chloromethanemethanol (8.2) (2 x 24 mL); 
dichloromethane-methanorammonia (80.19:1) (1 x 24 mL) . methano. (1 x 24 mL). Fractions 6 - 8 
were combined and evaporated to dryness This fractionation was repeated on the rema.n.ng 4.7g 
of gum Th, s enrichment step yielded 415 mg of a solid centring the des,red product This was 
further purified by preparative reversed-phase HPLC us,nc a Zorbax 7,.m ODS column (21.2 mm x 
25cm)usin g amobi«ephase O facetonitri.e:0.05 Mammc, ... acetate (3:1) at 8 mL/m,n. Fractions, 
containing the product of interest, from 5 separate ,n,ec:o. combined and evaporated to 

dryness before repeat preparative reversed-phase HPLC .. • - g a Beckman 5 M m U.trasphere ODS 
column ( 1 0 mm x 25 cm) us.ng a mobile phase gradient o- ,,e !0 n,,„ie 0.05 M ammon,um acetate 
(28.72) to aceton„r„ e : 0 .05 M ammon.um acetate (50:50. over . 8 m.nutes (flow rate 4 mL/m,n> 
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Fractions, containing the product of interest, were combined and evaporated to dryness to give a 
pure white solid (4 mg). The structure of the product was confirmed by MS and NMR spectroscopy 
as follows: 

HPLC retention time - Method A - 17 5 minutes 

APCI-MS - (M + H)* observed at m/e 760, required for C^H ro N0 13 - 760 



O 




Nmrdata: 

Atom number Approximate 13 C chemical shift, from 'H - *C 'H chemical shift and multiplicity 

correlation data 



1 


176.1 




2 


44 7 


2.88 IHmuttipfet 


3 


79.8 


3.99 IHmultiplet 


4 


39.3 


1.97 iHmuttiplet 


5 


83.4 


3 57 1Hd J = 7 6 


6 


75.4 




7 


38.3 


1.92 IHmultiplet 



1 72 IHmultiplet 



SUBSTITUTE SHEET (RULE 26) 



BNSpOCID: <WO 9801 571 A2 I > 



WO 98/01571 




66 




PCT/GB97/01810 



8 

9 

10 
1 1 
12 
13 
14 
15 

16 

1 7 

18 
20 
21 

r 

2* 
3' 
4' 

5' 
6' 
7\8' 
1" 
2" 



45 1 

222.5 
37 4 
69.1 
76.1 
77.1 
34.8 
26.7 

18.8 

24.8 

15.8 

26.9 

18 1 
103.0 
71.0 
65.3 
28.7 

69.2 
21.3 
40.0 
96.3 
34.7 

73.0 



2.70 iHmuItiplet 

3.07 1Hbrqj = 7.o 
3.77 1Hbrs 

5.10 1Hd J = 7.1 
2.86 IHmuItiplet 
1.98 IHmuItiplet 
1.80 IHmuItiplet 

1.88 IHmuItiplet 
1.71 IHmuItiplet 

1.89 2Hmultiplet 
1.19 3Hd J = 7.o 
1.47 3Hs 

1.16 3Hd J = 7.0 

4.42 1Hd J = 7.2 

3.24 IHdq J = 10.4. 7.2 

2.51 IHmuItiplet 

1.68 IHmuItiplet 

1.26 IHmuItiplet 
3.49 IHmuItiplet 
1.23 3Hd J = 6.2 
2.38 2x3Hs 
489 1Hd J = 4.5 
2.38 IHmuItiplet 
1.57 1Hdd J = 15 0. 5.0 
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4 M 



7 8 .0 3.02 1HcJ J = 9.4 



g.. 65 6 4.00 1H multiplet 



6" 



18 4 1.29 3Hd J = 6.2 



7 » 21.3 1 24 3Hs 



6" 49 4 



3.32 3H S 



Example 13b - Preparation of 13-cvclobutvf-er y thromvcin A using S erythraea NRRL 2338/pND3Q 
An experiment similar to example 13a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 13a. 

5 

Fyamnls 14a - Preparation nf 13-cvcinnrnnvl-ervthr n m vc i n A using S. erythraea NRRL 2338/plG1 
Six 2800 mL Fernbach flasks were .nocutated with S. erythraea NRRL 2338/plG1 Each 
flask contained 1 L of tap water medium with 50 mg of thiostreptone added to each flask. After 24 
hours of incubation at 28°C. 200 ppm ol cyclopropane carboxylic acid was added to each flask. 

10 The flasks were incubated for 90 hours and composited into a sterile. 8 L aspirator bottle. The 
aspirator bottle was used to inoculate 314 gallons of ERY-P medium in a 500 gallon pilot vessel. 
The broth was incubated, run at 27°C to 29°C. at a pH ranging from 6.7 to 7.4. with an aeration rate 
of 20 standard cubic feet/m,n and stirring at 1 75 rpm. Cyclopropane carboxylic acid (200 mg/L) was 
added after 33 hours. 81 hours and 1 1 7 hours The fermentation was continued for 198 hours. 

15 After this time, the whole broth was tittered over a 0.2 fjm, ceramic filter (30 ft ? . U.S. Filter) The 
filtrate was loaded onto an XAD-1 6 resin column ( 1 2 L; Rohm and Haas). The resin column was 
then eluted with ethyl acetate (60 L). The ethyl acetate was concentrated to a gum (302 g) to 
which 2 L of methylene chloride was added The resulting methylene chlor.de solution was 
washed with 8 L of 250 mM sodium bicarbonate buffer. pH 9. The erythromycin rich methylene 

20 chloride layer was separated, evaporated to a gum (200 g). and then resuspended into 40% 

methanol (10 L) which was loaded onto a CG- 161 resin column (9 L. Toso Haas) The resin column 
was washed with 40% methanol (30 L) and sequentially eluted with 75% methanol (8 x 10 L) and 
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neat methanol (3x10 L,. The 75% methane. fractions 5 through 8. containingthe product of 
interest, were combined, and evaporated to 3.2 L The concentrate was adjusted to P H 9 and 
added to 0.95 L of methylene chlonde. The methylene chloride layer was separated and 
evaporated to y,e,d 12.4 g of a gum Part of thegum (six grams) was further purified by preparative 
reversed-phase HPLC using a Kromas,, 10 M m C18 HPLC column (75 mm x 25 cm) us,ng a mob„e 
Phase of methanol.0.05 M ammonium acetate with 0 1 % trifluoroacet.c acid isocarar.c (50:50) at a 
flow rate of 215 mL/min Fractions containing the product of interest were combined (230 ml), 
evaporated to a concentrate (1 10 readjusted to pH 9 w,th sodium hydroxide, and extracted into 
methylene chloride (50 mL) The methy.ene chlonde layer was separated and evaporated to 
dryness to y,e,d 630 mg of partially pure product. Another port.on of the gum (one gram) was 
further punfied by preparative reversed-phase HPLC us,ng a Meta Chem .nertsi, 10 M m C8 column 
(50 mm x 2 5 cm , us.ng a mobile phase of acetonitnle.O 05 M ammonium acetate with 0 1 % 
trifluoroacetic acid gradient (20:80) to (25 75) over 50 minutes at a fiow rate of 125mL/m,n 
Fractions, containing the compound of interest (28-46 minutes), were comb.ned. saturated with 
sodium bicarbonate and extracted with methylene ch.or.de The methy.ene chlor.de was 
separated and evaporated to dryness to yie.d 361 mg of part.a.ly pure product. A portion of these 
partial* pure materials was further purrfied by reversed-phase HPLC as exemplified by 
Phenomenex Prodigy 10 *m C1 8 oo.umn (50 x 250 mm, us,ng a mob„e phase of methanol 0.05 M 
ammonium acetate with 0. 1 % trrfluroacetic acd isocratic (50:50) at a flow rate of 100 mL/min 
Fractions, containing the product of interest (27-31 minutes), were combined, saturated with 
sodium bicarbonate, and extracted wrth methy.ene ch.oride The methylene ch.or.de was 
separated and evaporated to dryness to yie.d partia.ly pure product Matena. was further purified by 
preparative reversed-phase HPLC us.ng a Phenomenex Prod.gy 10 M m C18 co.umn (50mm x 25 
cm) using a mobile phase of methanol :0.05 M ammon.um acetate w.th 0 1 % trifluroacetic acid 
•socratic (48:52, at a flow rate of 1 OOmUmin Fractions containing the product of .merest (41-^5 
minutes) were combined, saturated with sod.um bicarbonate, and extracted with methylene 
chloride. The methylene ch.oride was separated and evaporated to dryness to yield 13- 
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cyclopropyl-erythromycin A as a solid (20 mg). The structure of the product was confirmed by MS 

and NMR spectroscopy (Bruker DMX 500 MHz spectrometer) as follows: 
HPLC retention time - Method B - 5.6 minutes 
APCI-MS - (M+H)* observed at m/e 746. required for CH^NO* * 746 




NMR data 



Atom # 
1 
2 
3 
4 
5 
6 
7 
8 
9 



13 C (ppm) 
222.41 
175.88 
103.63 
96 75 
83 92 
80.25 
78.52 
78.42 
75 99 



# Attached 'H 
0 
0 



l H(ppm) 



4.45 
4.92 
3.60 
4 02 
4 74 
3 05 
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10 
1 1 
12 
13 
14 
15 
16 
1 7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 



75 49 

73.05 

71.31 

69.46 

69.39 

66.02 

65.95 

49.93 

45.47 

45.23 

40.70 

40.00 

38 94 

38.46 

35.38 

29.07 

27.36 

21.94 

21.84 

19.08 

18.69 

17.38 

16.11 

12.38 

10.64 

9 60 

4 23 



0 
0 



2. 
1 

2 
2 

3 

3 

3 

3 

3 
3 
3 
3 
1 

3 
2 



3.27 
3.84 
3.52 
4.04 
2.49 
3.36 
2.74 
2 89 
2.34 
2.02 
1.96/1.76 

3. 15 
2.41/1.61 
1.71/1.28 
1.50 
1.28 
1.26 
1.32 
1.21 
1.31 
1.21 
1.20 
1 20 
1 16 
0.67/1.33 
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0 47/0 32 



Pimpl e 14h - Preparation of 13-rvdoDroDvl- p rythrnmvcin A using S. erythraea NRRL 
2338/DND30 

5 An experiment similar to example 1 4a. using the culture S erythraea NRRL 2338/pND30. 

produces the compound exemplified in example 14a. 

Pvsm plP 15a- Preparation nf 13- r3-thien Y n-grvthromvcin R using S. ervthraea NRRL 2338/plQ1 

The culture S erythraea NRRL 2338/pld was inoculated into 50 mLtap water med.um in a 
,0 300 mL Erlenmeyer flask After 48 hours .ncubation at 28*C. 5 mL of this .noculum was used to 

.noculate 50 mL of ERY-P med.un ,n a 300 mL Erlemneyer flask The broth was incubated at 28°C. 

The N-acetyl cysteam.ne th IO ester of 3-th,ophene carboxylic acid (20mg in 0 5 mL of methanol) 

was added filter sterilised after 24 hours and the fermentation was continued for 168 hours. Atter 

this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and then 
, 5 extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 

dryness. The sample was redissolved in methanol (1 mL) for HPLC-MS analysis. Thisconfirmed 

the production of 13-(3-thienyl)-erythromycin B. 

HPLC retention time - Method A - 20.0 minutes 

APCI-MS - (M + H)' observed at m/e 772, required for C^HesNOcS - 772 

20 

Pv^ r -° -"^ - Pr»rw a t»n o f is- ra-thipnvn-ervthromvcin B using S prythraea NRRI ?338/pND30 

An experiment similar to example 15a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 15a. 

25 Fxamnle 16 - Prp p ^tinn of 6-den v y- 1 rvcvclooronvl^rythrpmvg.n B usin g S erythraea NRRL 
18643 
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The culture S. erythraea NRRL 18643. an eryFmutant of S. erythraea (Science. 252-114 
5 Apri. 1 991 ) was .nocuiated into 1 L tap water medium in a 2.8 L Fernbach f,ask. Cyclopropane 
carboxy„c acd (200 mL) was added after 24 hours ,ncubat,on at 29*C with 200 rpm a g rta t,on After 
three (3) days total incubation, one flask was used to inoculate 8 L of supplemented ERY-P 
5 medium (60 g/L cerelose. 30 g/L Nutrisoy flour. 3 g/L (NH,) 7 SC,, 5 g/L NaCI, 6 g/L corn steep 

soHds. 0.5 g/L MgSO. and 1 mL/L P2000, in 14 L fermentor ( ars The broth was incubated at 28"C 
with an aeration rate of 8 L/m,n. stirring at 800 rpm and with pH maintained between 6.9 and 7 3 
with NaOH or H ? S0 4 (15%). Cyc.opropane carboxylic acid ( 1 .6 mL, was added after 24 and 48 
hours The fermentation, done ,n dup„cate. was harvested after 163 hours total ,ncubat,on t,me. 
The P H of the whole broth was adjusted ,o 9 with sod,um hydroxide, and the broth was extracted 
wrth ethyl acetate (16 L) The ethy, acetate was concentrated to an oil in a 20 L Buch, 
rotoeva P orat,on unit. The c, was redisso.ved with 500 m L of methylene chloride. Five hundred 
mL of water was added to .his l,qu,d. and the pH of the agueous phase was adjusteo to 9 with 10% 
ammonium hydroxide. After shaking vigorously, the methyiene chlonde layer was collected, and 
evaporated in a i L ^evaporation flask to yield 1 1 .0 g of oily residue: This materia, was dissolved 
with 250 mL of a 4 6 methanol .water solution, and loaded onto an 80 mL CG-1 61 res,n column 
(Toso Haas, The column was washed wrth 350 mL of 4:6 methanol water solution The column 
was then briefly washed at 8 mL/m.n with a 7.3 methanol. water solution, until coloured impurities 
began to elute from the column (approximately 2 bed volumes wash) At this time, a 1 hour 
gradient run was initiated, with the concentration of methanol changing from 70% to 1 00%. over a 
1 hour period, at a flow of 8 mL/m,n The fraction containing the product of interest was evaporated 
to dryness and further purified on a reversed-phase 1 0 M m Kromasil C 1 8 HPLC column (50 mm x 
25 cm), using a mobile phase of acetonrtrile buffer consisting of 0 01 M ammonium acetate. 0 02% 
thfluoroacetic acid, and 26% aceton.tn.e (5.95) for 50 m,nut es at a flow rate of 120 mUmin. Th,s 
was fo.towed by a linear gradient from (5 95) to (33 67) over the next 40 minutes. Fractions 
containing the product of interest were combined (530 mL). adjusted to a pH of 9 w,th 1 0% 
ammonium hydroxide, and extracted ,nto methylene chlor.de (400 mL, The me1h yte ne chloride 
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layer was separated and evaporated to dryness to yield purified 6-deoxy-l3-cyclopropyl- 
erythromycin B (12 mg). The structure of the product was confirmed by MS. 
HPLC retention time - method B - 21 .4 minutes 

APCI mass spectroscopy - (M+H)* observed at m/e 714. required for C^NO* - 714 

5 

c ^ pioi7.P rP n a r a tinn Q f6-d ^v Y-^-nrnnv l -p r vthrnmvan Busing S er/thr^ea NRRL 18643 

S. erythraea NRRL 18643 was inoculated from a three day patch on _YPD agar (0.5% Difco 
yeast extract. 0.5% Difco Bacto peptone. 0.25% dextrose. 0.5% MOPS. 1.7% Difco Basto agar. 
P H adjusted to 7.0) into 25 mL of ,YPD broth (0.5% Difco yeast extract. 0.5% Difco Bacto 
,o peptone. 0 25% dextrose. 0.5% MOPS. pH ad.usted to 7.0) in a 250 mL Erlenmeyer flask. The 
flask was incubated at 225 rpm, 29°C. for 48 hours. 2.5 mL were inoculated into 25 mL ERY-P 
medium (5% dextrose. 3% Nutr.soy flour. 0.3% (NH 4 ) ? SO, 0.5% NaCI. 0.6% CaCO, P H ad,usted 
to 7.0) and incubated at 225 rpm. 29«C. for a total of 6 days. Butyr.c acid was added to the flask at 
24. 72 and 120 hours (400 ppm. 400 ppm. 200 ppm. respectively). Whole broth pH was then 
,5 ad,ustedto9.l usmglNNaOH. The sample was extracted tw.oe with an equa. volume of ethyl 
acetate. Ethyl acetate phases were concentrated to dryness under nitrogen (50°C water bath), 
then resuspended in t .0 mL methanol for HPLC-MS analysis. Th,s confirmed the production of 6- 
deoxy-13-propyl-erythromycin B. 

HPLC retention time - Method C - 23.5 minutes 
20 APCI-MS - (M+H)' observed at m/e 71 6. required for C^NO,, - 71 6 

Fyfl mplft 18 - Evaluation of An tihartarial Activity 

An in vitro antibacterial assay was performec n m.crotiter and interpreted according to 
Pgrtnrmance StandardiLiPX Antj^^ - s ™» Editlgn; ApPC a ^ 

25 Standard, published by The National Committee fo- J:.«..:a- Laboratory Standards (NCCLS) 

guidelines. Minimum inhibitory concentrations^*;*. *,.e obtained versus various bacteria For 
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exampte. Staphylococcus aureus 80CR5 (macrolide susceptible stra.n) afforded values generally 

ranging from < 0. 1 to 1 56 iig/mL 
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Claims 

1 A compound of the formula 1 



N(CH3); 




H3C OR 13 



and to pharmaceutical^ acceptable salts thereof wherein 

R , is an alpha-branched C 3 -C, aikyl. a.kenyl. alkynyl alkoxyalky. or a.kylthioalkyl group any of 
wh,ch may optionally be substituted by one or more hydroxy, groups, a C 5 -C 8 cycloaikyla.kyl group 
wherein the alkyl group is an alpha-branched C 2 -C s alkyl group, a C 3 -C 8 cycloalkyl or C.-C, 
cycloalkenyl group, either of which may opt.onally be substituted by methyl or one or more 
hydroxyl or one or more C,C alkyl groups or ha.o atoms: or a 3 to 6 memberea oxygen or sulphur 
containing heterocyclic ring wh.ch may be saturated, or fully or partially unsaturated and which may 
optionally be substituted by one or more C.-C, alkyl groups or halo atoms; 
or R, is phenyl which may be optionally subst,tuled with at least one substituent selected from C,- 
C. alkyl. C-C.alkoxy and C-C.alkylthio groups, halogen atoms, hydroxyl groups, tnfluoromethyl. 
and cyano; or R, may be with a formula (a) as shown below: 



(CH 2 ) a 



(CH2) b - 



.(CH 2 ) C 



\ 

/ 
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wherein X ,s o. S or -CH,, a. b. c. and a are each ,ndependen«y 0-2 and a + b * c ♦ d < 5. 

R, is H or OH: R..R, are each independent H. CH, or CH,CH, R, ,s H or OH: and R, is H 
CH,. or CH,CH S . H, is H or desosamine: R, is H, CH, or CH,CH„ „. , s 0 H. mycarose <R„ is H, or 
ciadinose (R^sCHJ, R„ 1S H: or „. . R„ . o and R„ is H. CH, or CH,CH, . or any o, me above 
denned compounds mod,„ed by repiacing one or more -CHOH or -CHORgroups by a Ke,o group 
2. A compound of the formula 2: 



N(CH 3 ) ? 




H 3 C OR, 3 



10 



and to pharmaceutically acceptable salts thereof, wherein 

R, is H. C.-Calkyl. C 2 -C 8 alkenyl. 0,-0, alkynyl, alkoxyalkyl or alkylthioalkyl conta.ning from 1 
to 6 carbon atoms in each alkyl or alkoxy group where.n any of sa.d alkyl. alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms, or a C 3 - 
C 8 cycloalkyl or C 5 <; 8 cycloalkenyl either of wh.ch may be opfonally subst.tuted by methyl or one or 
1 5 more C,<: 4 alkyl groups or halo atoms, or a 3 to 6 membered oxygen or sulphur containing 

heterocyclic ring wh ip h may be saturated or fully or partially unsaturated and which may opt.onally 
be substituted by one or more C.-C, alky, groups or halo atoms or a group of the formula SR., 
where,n R M « C,-C a a.kyl. C 7 - C„ alkenyl. C„-C„ alkynyl. cycloa.ky.. C,-C fl cycloalkenyl. phenyl or 
substituted phenyl wneran the subsmuent ,s Chalky.. C.-C, alkoxy or ha.o. or a 3 to 6 membered 
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oxygen or sulphur-containing heterocyclic r.ng wh.ch may be saturated, or fully or partially 
unsaturated and wh.ch may optionally be- substituted by one or more C ,-C, alky, groups or halo 
atoms 

R, isHorOH; R 3 -R 5 areeach independently H. CH, or CH ? CH 3 ; R B is H or OH. and R, is H. 
CH, or CH ? CH S ; R 6 is H or desosamine; R 9 is H. CH, or CH ? CH 3 ; R. is OH. mycarose <R 0 is H). or 
c,ad,nos e m. isCHJ. R„ ,sH; or R M - R„ - O; and R. I. H. CH, or CH 7 CH, with the proviso that 
wnen R 3 -R = are CH, R, is CH, R g is CH, and R„ is CH, then R, .s not H or C, aikyl; or any of the 
above defined compounds modif,ed by replacing one or more -CHOH or -CHOR groups by a keto 
group 

3 A compound of me tormula , as Calmed in claim , wherein R , ,s a C.-C. cydoaikyl or 
cycloalKeny! group which may be optional subs«u<ed by one or more hydroxy, groups or one 

or more C,-C« alkyi groups 

4 A compound of claim 3 wherein R, iscyclopropyl. 

5 A compound of claim 3 wherein R, is cyclobutyl. 

6 A compound of claim 3 wherein R , is cyclopentyl. 

7 A compound of claim 3 wherein R , is cyclohexyi. 

8 A compound of claim i wherein R, is an alpha-branched Cj-C B alkyi. alkenyl. alkynyl. alkoxyaltyl 

or alkylthioalkyl group. 

9 A compound of claim 8 wherein R, is isopropyl. 

10 A compound of claim 8 wherein R, is sec-butyl 

1 1 . a compound of claim 8 where.n R , .s 2-buten-2-y.. 2-penten-2y.. or 4-methy.-2-penten-2-y. 

12 A compound of claim 8 wherein R, .s 1 -methylthioethyl 

13 a compound of cla.m 1 where.n R, is a 5 or 6 membered oxygen or sulphur contam.ng 
heterocyclic ring which may be optional substituted by one or more hydroxy, groups or C,C, 
alkyi groups or halogen atoms 
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1 4 A compound of claim 13 wherein R, is 3-thienyl. 

1 5. A compound of claim 13 wherein R, is3-furanyl 

1 6. A compound of claim 1 wherein R, is phenyl. 

17. Acompoundofcla I miwhere ( nR, l sa g roupofformu,a(a)where l n a and b are0.can d darel 

5 andXis-OV 

18 A compound of claim wherein R , , s a group o, formula ,a, wnere,n a and b are 0. c ,s , . d is 2 

andXis-CH ? - 

'9. A compound of claim wnerein R , is a group o, formula , a, „nere,„ a and P are 0. c and d are , 

and X isO 

'« 20. A compound of cla,m 2 where.n R, is SR, and R u .s methyl or ethyl 

21 A compound of cla.m 2 where. R, ,s ethyl, propyl, butyl, isopropy. or sec-buty, 

22. A compound of cla.m 2 where.n R , is 1 -(tnfluoromethyl)ethyl 

23. A process for prepa^^ 

claim 2 wh.ch compnses ferment.ng an organism capable of producing erythromycin ,n the 
presence of a carboxyl.c acid of the formu.a R,C0 2 H where.n R , is as def.ned ,n claim 1 or c«a,m 
2, or a saw. ester or amide thereof or oxidative precursor thereof, to a. and isolating ,he 
compound of formulae I or 2 

24 A process of claim 23 wherein the orgamsm , s Saccharopo,y S pora erythraea and which may 
optionally contain an effectively integrated p.asm,d capable of directing the biosynthes.s of 
compounds of formula 1 Said plasm.d may optionally contain a Type ,« PKS promoter/activator 
gene 

25. A process of Cairn 24 wherein the organism Saccharopolyspora erythraea is selected from 
strains NRRL 2338. 18643 or 21484 which may optionally contain an effective* integrated 
Plasmid capable of directing the b.osynthes.s of compounds of formu.a 1 Sa.d plasm.d may 
25 optionally conta.n the gel, promoter and ,<s cognate activator gene act>orf4 

26 A process of cla.m 25 wherein the opt.onal.y effect.vely .n.egrated p,asm.d ,s pAVLO. p,Gl 
PND30. PCJR26. pCJR49. pC-AT12. pc-ATXor other s.m.lar constructs 
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27. A process of claim 25 wherein the organism is S. erythraea ERMD1 . S. erythraea NRRL 
2338/plGL S erythraea NRRL 2338/pND30, or other similar transformants 

28. A pharmaceutical composition comprisrng a therapeutically effective amount of a compound 
according to claim 1 or claim 2 m com bination with a pharmaceutical^ acceptable carrier 

5 29 A method of treating a bacterial infection, or a disorder related to a bacterial infection, or a 

protozoal infection in a mammal, fish, or bird which comprises administering to said mamma!, 
fish, or bird a therapeutically effective amount of a compound of claim 1 or claim 2. 
30. Use of compound of claim 1 or claim 2 in the manufacture of a medicament for treating a 
bacterial infection in a mammal, fish or bird 
in 31 Use of a compound of Claim i or Claim 2 for improving performance effects (such as weight 



gains, feed efficiency utilisation, milk yield, etc.) in a mammal, fish, or bird 
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